(12) PATENT 


(11) Application No AU 199856180 B2 


(19) AUSTRALIAN PATENT OFFICE 


(10) Patent No 713471 


(54) 


Title 






Ligand for receptor sctivator of MF^kappa 


B, Ilgand ia aeabar of mr auperfaoily 


(51)* 


International Patent Classlficalion(s) 




C12H 015/19 C07K 016/38 






C07R 014/S2 C12N ois/ii 






C07R 0M/7OS Ql2¥l 015/62 






C07K 016/24 




(21) 


Application No: iggeseieo 


(22) Application Date: 1997 12 .22 


(87) 


WIPONO: W098/28426 






r^i luf uy L/oia 




(31) 


Number (32) Date 


(33) Country 




60/os««7t 1996.12.29 


US 




0t/8i3S09 1997 .03 .07 


US 




60/064671 1997.10.14 


US 


(43) 


Publication Date : isss .07 .17 




(43) 


Publication Journal Date : X998 .09 .lo 




(44) 


Accepted Journal Date : x999 .12 .02 




(71) 


Applicant(s) 






Znnunex Corporation 




(72) 


Inventor(s) 






Dirk M. Anderson; baurent J. Calibart; 


Bu^ene Naraskovslcy 


(74) 


Agent/Attorney 






PHILLIPS ORMOHDB and FITZPATRICK«367 


Collins street^NBLBonRHB VIC 3000 



BEST AVAIIJ^BLE COPY 



CORRECTED 
VERSICm* 



pogn 1 and 2, dcaripiJoo, leplaced by new pa^ei I nd 2; pace 216, 
pprp dnoTQ^ nqdacscd by t new page 2^6; due lo Ine cnasmiUBl by Hk Ifflw / ^ 

IKISWATIONAL APHJCATION PUBLISHED UNDER THE PATEW COOraRATlON TREATY (PCT) 




(51) Intcnntloial Ptic&t CtertfAntfioo 6 ; 

C12N lS/19, lS/62, C07K 1604, 161/28 
C12N ISai. C07K 14/52, 14/705 



A3 



(11) lalcniatfoiial PubUcBtim Number; 
(43) Iitternatioiial Publkaticm Dalr, 



WO 98/28426 

2 July 1998 (Q2J07.98) 



01) IntfniBttonal AppUcstfen Number: Kn7US97/2377} 
(21) IntaittliODal FQing DUt: 22 Deomiba 1997 (22.1197) 



(30) 



OS/813^ 



23 December 1996 (23.12.95) US 
7 March 1997 (ffimSl) US 
14 October 1997 (14.10^ US 



ai) AppBcnt: IMMUNEXOORPORATK»T[U5aJS];UwOq)t, 
51 Univeisiiy Street. Sedtle, WA 98101 (USX 

(73) lnviCBlan: ANDERSON. Dbfc, M; 3616 NW 64di Sneel, 

SeaBle» WA 98107 (US). (SALIBERT, Umcnu U 617 Sib 
Avems West. Seattle; WA 981 19 (US). MARASKOVSKY, 
Eiigcne: 4123 Bvaraton Avonie Noifli, Seattle. WA 98103 
(US). 

(74) Aipnl: PERKINS* Pasrlda, Ame; Immonex Corporation. Law 

DepL, 51 Uoivmliy Sixcet, Seattle. WA 98101 (US). 



(81) Dolgiiatcd Statca: AU AM, AU. BA, BB, BO. BR, CA, CN. 
CU, CZ. DK. EE, Ca HU. lU IS. JP. KP. KR. tC UC UU 
LT. LV. MG, MK, MN. MX. NO. NZ. PU RO. SO. SI, SK. 
SL, TR. TT. UA, UZ. VN, YU, ARIPO pucni (GH, CM. 
KE. LS, MW, SO. SZ. Ua ZW). Emsun paiem (AM. AZ, 
BY, KG, KZ. MD, RU, TJ. TM). Ettropeas patent (AT. BE. 
CM, DB. DK. ES. a FR. GB, OR, IE, rr, LU. MC. NU 
FT. SBX OAPI palest (BP. CP. CO. a CM. OA. GN. 
ML.MR.NE.SN.1D.TG). 



Wiik inttmationaismh report. 

(88) Date of poMiealio» of Um Utcroafbaal search report: 

lOctoba 1998(01.10.98) 



(54) TWe: UOAND FOR RECBnX)R ACTIVATOR OP NIMCAPPA B. UGAND IS MEMBER OPTNF SUPERPAMILY 
(57) Abstract 

bohted Usandi. DNAi encodlQf SKfa Qgandt, and pbannaceutia] ccmipaahiaai made thcR&imi. are dbdos^ Tb^ Isolated lisandt 
can be used to regulate an bramine leaponie. Tbe Ugandk are also tneftil in seteesUDg for.lnhibiim thereof. 



IPAUSTRi\LlA 

1 FEB 1999 



•(Rcfiend ID fat PCT OaBtte No. 3/1999. ScataiO) 



wo 98^426 



FCT/US97/23775 



UQAKD FOR RECEPTOR ACTIVATOR OP NF-KAPPA B. UOAND IS MEMBER OF IW SUPERFAMILY 

TECHNTCAI. FIFLD OF Tffi^ T|^fy]^|ynO'^ 
The present invcadon relates generally to the Held of cytokines, and more 
specificaUy to cyiokme teceptoofltgand pain having inummorcgulatoiy activity, 

BACKGROUND OF THF TNVFNTff)!^ 

Efficient fimcticming of the immune system lequlies a fine balance between cdJ 
proliferaUoD and differentiation and cell death, to ensure that the immune system is capable 
of ceacting to forcigo. but not self antigens. Integral to the process of regulating the 
immune and inflammatoiy response are various membeis of the Tumor Necrosis Factor 
(TNF) Rcccptor/Ncrvc Growth Factor Receptor supcrfamiJy (Smith et al.. Science 
248:1019; 1990). This family of leceptois includes two different TNF leccptois (Type I 
and Type 0; Smith ct al„ supra; and Schall et al.. Cell 61:361, 1990), nerve growth factor 
receptor (Johnson et al.. CeU 47:545, 1986), B ccU antigen CD40 (Slamenkovic et al., 
EMBOJ, 8:1403, 1989), 0)27 (Camerini et aL, /. ImmunoL 147:3165. 1991). CD30 
(Dutkop et al. Cell 68:421, 1992), T cell antigen OX40 (Mallett et al„ EMBO J. 9: 1063. 
1990). human Fas anugen atoh ct al.. CeU 66:233. 1991), murine 4-lBB receptor (Kwon 
ct al., Proc. NatL Acad Scl USA 86:1963. 1989) and a rccq)tor referred to as Apoptosis- 
Inducing Receptor (AIR; USSN 08/720,864, filed October 4, 1996). 

CDAO is a receptor piesent on B lymphocytes, epithelial ceUs and some carcinoma 
cell lines that interacts with a ligand found on activated T cells. CD40L (USSN 
08/249.189. filed May 24. 1994). Tht interaction of this ligand/reccpior pair is essential 
for both the ceUular and humoral iunmuoe response. Signal transduction via CD40 is 
mediated through the association of the cytoplasmic domain of this molecule with members 
of the TNF receptor-associated factors (TRAFs; Baker and Reddy, Oncogene 12;I. 1996). 
n has recently been found dial mice that arc defective in TRAF3 expression due a 
laigctcd disruption in the gene encoding TRAF3 appear normal at biith bm develop 
progressive hypoglycemia and depletion of peripheral white cells, and die by about ten days 
of age (Xu ct aL, Immunity 5:407, 1996). The immune responses of chimciic mice 
reconstimied with TRAPS'^- fetal liver cells resemble tiiose of CD40-dcficiem nucc, 
although TRAF3-^- B cells appear to be functionally normal. 

The critical role of TRAF3 in signal u-ansducticm may be in its mteiactio^ 
of the other members of die TNF lecqitor supeifamily. for cxan^le, Ca>30 or CD27, 



1 



SUBSnrUn SliST (Rl&E 26) 



wo 9808426 



PCr/US97a377S 



which are present on T ccUs. Altemailvdy, thtae may be ofhcr, as yet unidcmificd 
members of this fenuly of recurs thai interact with TRAF3 and play an iinpcmnt mle m 
postnatal development as well as m tbe development of a competent immune systeia 
Identifying additional members of the TNP icceptor supei&niJy would provide an 
5 additional means of regulating the immune and inflammatory response, as weU as 
potentially providing fimhcr insight into posi-natal development in mammals. 

SUMMARY OF THE INVRNTfON 
Tbe present invention provides a counierstructute, or ligand. for a novel receptor 

10 refened to as RANK (for receptor activator of NF-kB). that is a member of the TNF 
superfamily. The Ugand, which is refened to as RANKL. is a Type 2 transmembrane 
protein with an iniraceflular domain of less than about 50 amino acids, a transmcmbiane 
domain and an extracellular domain of from about 240 to 250 amino acids. Similar to other 
members of the TNF family to which it belongs. RANKL has a 'spacer' legioa between the 

15 transmembrane domain and the receptor binding domain that is not necessaiy for receptor 
binding. Accoidingly, soluble forms of RANKL can comprise the entire extraceUular 
domain or fragments thereof tiiat include (he receptor binding region, 

RANK is a Typc 1 transmembrane protein having 616 ammo add residues that is a 
member of the TNFR superfamily, and interacts with TRAF3. Triggering of RANK by 

20 over-expression, co^xpression of RANK and membrane bound RANKU or by sohibic 
RANKL or agonistic antibodies to RANK, results in the uisegulation of tixs transcription 
factor NF-kB, a ubiquitous uanscriptitm tacusr tfiat is tnosi extensively utilized in cells of 
the inmiune system. 

These and other aspects of tbe present invention wUl become evident upon reference 
25 to the following detailed description of the invention. 



BRIEF DKSrRTPTIftp} ft p tWR nPAW^N^ S 
Figure 1 demonstrates the influence of RANKJ^c and hRANKL on activated T cell 
growth. Human peripheral blood T cells were cultured as described in Example 12; viable 
30 T cell recovery was detcimined by triplicate uypan blue countings. 

Figure 2 illustrates tije ability of RANKL to induce human DC duster fonnation. 
Functionally mature dendritic cells (DC) were generated in vitm from CD34+ bone manow 
(BM) progenitors andculnired as described m Example 13. CDIa* DC were culuired in a 
cytokine cocktaU akne (Figure 2A), in cocktail plus 0040- (Figure 2B), RANKL (Hgure 
35 2C). or heat inactivated (aH) RANKL (Figure 2D), and then photogr^ using an 
inversion micrtoscope. 

figure 3 demonstrates that RANKL enhances DC allo-stinuilaiory eapaci^. 
Allogeneic T cells were incubated with vaij^g numbers of irradiated DC culwred as 
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described in Example 13. The cultures were pulsed with (3H]-chyinidiiic and (he cells 
harvested onto glass fiber sheets for counting. Values represent the mean t standard 
deviation (SD) of triplicate cultures. 

Figure 4 presents an alignment of human RANK with other TNFR family membeis 
5 in the region of stniauTHlly conserved extracellular cysicine-rich pscudorepeats. Predicted 
disulfide linkages (OS1-DS3) are indicated. RANK and CD40 cont^n ideoUcal amino acid 
substitutions (C^H. 0<j) eliminating DS2 in the second pseudorepeat 

Figure S presents an aligmneni of human RANKL with other TNF family memb^. 

10 DETAILED DESCRIPTION OF THE TNVFNTf^^f 

A novd partial cDNA insert with a predicted open reading frame having some 
similarity to CD40 was identified in a database containing sequence information from 
cDNAs generated from human bone manow-derived dendritic cells (DC). The insert was 
used to hybridize to colony blots generated from a DC cDNA library containing liilMength 

15 cDNAs. Several colony hybridizations were performed, and two clones (SEQ ID NOs:l 
and 3) were isolated. SEQ ID N0:5 shows ti)e nucleotide and amino acid sequence of a 
predicted fuH-lengih protein based on alignment of the ovcriapjnng sequences of SEQ ID 
NOs:l and 3. 

RANK is a member of the TNF reccptw superfaraily; U most closely resembles 
20 CD40 in die extracellular region. Shnilar to CD40, RANK associates with TRAF2 and 
TRAF3 (as detemiined by co-immunopiecqritaUon assays substantially as described by 
Rothe et al., CeU 83:1243, 1995). TRAFs are critically important in die regulation of ihe 
immune and inOammatory response. Through their association wiUi various members of 
the TNF receptor superfamily. a signal ts transduced to a cell. Hut signal results in the 
25 proliferation, differentiation or apoptosis of the cell, depending on which rccepior(s) is/arc 
triggered and which TRAF(5) associate mth the rcocptoKs); different signals can be 
transduced to a cell via coordination of various signaling events. Thus, a ngnal transdtioed 
through one member of this famOy may be proliferative, differentiative or apoptotic, 
depending on other signals being transduced to the ceU. and/or the state of difTcrcntiation of 
30 Use cell. Such exquisite regulation of this prolifeiative/'apoptouc pathway is necessary to 
develop and maintain protection against pathogens; inibalances can result in autoinunune 
disease. 

RANK is expressed on epithelial cells, some B cell lines, and on activated T cells. 
However, its expression on aaivated T cells is late, about four days afta activation. This 
35 time course of expression coincides with die expression of Fas, a known agent of 
apoptosis* RANK may act as an anti-apoptotic signal, rescuing cells that express RANK 
from apoptosis as CD40 is known tt> do. Alteroatively, RANK may confum an apoptotic 
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signal under ihc appropnaie circumstances, again similar to CD40. RANK and its Ugand 
are likely lo play an integral role in xegulation of the iixunune and inflammatoiy response. 

Moreover, the post-natal lethality of mice havit^g a targeted disivptioD of the TRAF3 
gene dcmonstraics the importance of this molecule not only in the immune response but in 
5 development The isolation of RANK, as a protein thai associates with TRAF3. and its 
ligand, RANKL. will allow further defmition of this signaling pathway, and development 
of diagnostic and therapeutic modalities for use in the area of autoimmune and/or 
inflammatory disease. 

10 DNAs. Proteinic and Analp^ . 

The present invention provides isolated RANKL polypeptides and analogs (or 
mulcins) thereof having an activity exhibited by the native molecule (i.e. RANKL muieins 
that bind specifically to a RANK expressed on cells or immobilized on a surface or to 
RANKL-spccific antibodies; soluble forms thereof that inhibit RANK Ugand-induccd 

15 signaling dirough RANK). Such proteins are substantially free of contaminating 
endogenous mateiials and, optionally, without associated native-pattern glycosylation. 
Dedvatives of RANKL within the scope of the invention also include various structural 
forms of the primary proteins which retain biological activity. Due to the presence of 
ionizable amino and carboxyl groups, for example, a RANKL protein may be in the form 

20 of acidic or basic salts, or may be in neutral form. Individual amino acid residues may also 
be modified by oxidation or reduction. The primary anuno acid structure may be modified 
by forming covalent or aggregative conjugates with other chemical moieties, such as 
glycosyl groups, lipids, phosphate, acetyl groups and d» like, or by creating amino add 
sequence mutants. Covalent derivatives are prepared by linking particular functional 

25 groups to amino acid side chains or at the N- or C-termini. 

Derivatives of RANKL may also be obtained by the action of cross-linking agents, 
such as M-malcimidobenzoyl succinimide ester and N-hydroxysucclnimide, at cysteine and 
lysine residues. The inventive proteins nuiy also be covalentiy bound through reactive side 
groups to various insoluble substrates, such as cyanogen bromide-activated, bisoxirane- 

30 activated, caibonyldiimidazole-activated or tosyl-activated agarose sU^ctures, or by 
adsorbmg lo polyolefm surfaces (wiUj or without gluiaraldehyde cross-linking). Once 
bound to a substrate, the proteins may be used to selectively bind (tor purposes of assay or 
purification) antibodies raised against the proteins or against other proteins which are 
similar to RANKL, as well as otiier proteins that bind RANKL or homologs tiieieof. 

35 Soluble forms of RANKL are also within the scope of the invention. Tlte 

nucleotide and predicted amiiw acid sequence of the RANKL is shown in SEQ ID NOs:I0 
and 12 (murine and human, respectively). Computer analysis t'^'^^^'H that the RANKL is 
a TVpc 2 transmembrane protein; murine RANKL contains a predicted 48 amino add 
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intracellular domain, 21 amino acid transmembrane domain and 247 amino acid 
extracellular domain, and human RANKL contains a predicted 47 amino acid iatraccUular 
dwnain. 21 amino acid txansroembiane domwn and 249 amino add extracellular domain. 

Soluble RANKL coniprises a signal peptide and the extzacelhdar domain or a 
fragment thereof. An exemplary signal peptide is thai shown in SEQ ID NO:9; other signal 
(or kadcr) peptides are well-known in the art, and include that of murine lntcrleukin-7 or 
human growth bonnone. RANKL is similar to other menibers of the TNFfamay in havi^^ 
a region of amino acids between the transmembrane domain and the receptor binding legion 
that docs not appear to be requincd for biological activity; this is refened to as a 'spacer' 
region. Amino acid sequence aUgnment indicates that the receptor binding region is from 
about amino acid 162 of human RANKL to about amino add 317 (corresponding to amino 
acid 139 through 294 of murine RANKL, SEQ ID NO;10). beginning with an Ala residue 
thai is conserved among many members of the faniily (amino acid 162 of SEQ ID N0:12). 

Moreover, fragments of the extracellular domain will also provide soluble forms of 
RANKL. Those skilled in the art will recognize that the acnial recqnor binding region may 
be difTercm than that predicted by computer analysis. Thus, the N-tenninal amino acid of a 
sohible RANKL is expected to be within about five amino adds on either side of the 
conserved Ala residue. Altcmativdy, all or a portion of the spacer region may be induded 
at the N-terminus of a soluble RANKL, as may be all or a portion of the transmembrane 
and/or intraoellular domains, inovided that the resulting soluble RANKL is not membrane- 
associated. Accordingly, a soluble RANKL will have an N^erminal amino acid selected 
from the group consisting of amino adds I through 162 of SEQ ID NO: 12 (1 though 139 
of SEQ ID NO: 10). Preferably, the amino tenninal amino add is between amino acids 69 
and 162 of SEQ ID NO: 12 (human RANKL; amino acids 48 and 139 of SEQ ID NO: 10). 
SimUarly, the caiboxy terminal amino acid can be between amino acid 313 and 317 of SEQ 
ID N0:12 (hunuoi RANKL; corresponding to amino adds 290 through 294 of SEQ ID 
NO:10), Those skilled in the art can prepare these and addidonal sohible forms through 
routine experimentation. 

Fragments can be laepared using known tedmiques to isolate a desired poition of 
the extracellular region, and can be prepared, for example, by comparing the extraceUular 
region with those of other members of the TNF family (of which RANKL is a member) 
and selecttng forms similar to those prepared for other family members. Alternatively, 
unique resciiciion sites or PGR techniques thai arc known in the art can be used to pi^^ 
numerous truncated forms which can be expressed and analyzed for activity. 

Other derivatives of the RANKL proteins within the scope of this invention include 
covalent or aggregative coi^ugaies of die proteins or their fragments with other proteins or 
polypeptides, such as by synthesis in recombinant culnirc. as N-terminal or C-«erminaI 
fusions. For example, the conjugated peptide may be a signal (or leader) polypeptide 
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sequence at the N-tcnninal region of the protcm which co-transJationaDy or post- 
translationally diiecls tninsfer of the protein from its site of synthesis to its site of funcUon 
inside or outside of the ceU membrane or wall (eg., the yeast a-factor leader). 

Protein fusions can comprise peptides added to facilitate purificatioR or 
identification of RANKL proteins and homoiogs (e.g.. poIy-His). TT^ amino add 
sequence of the inventive proteins can also be linked to an identification peptide such as that 
described by Hoppei al., BiaTTtchnology 6:1204 (IMS). Such a highly antigenic peptide 
provides an epitope revei^ibly bound by a specific monoclonal antibody, enabling rapid 
assay and focUe purification of expressed lecombinant protein. The sequence of Hopp ei 
al. is also ^)ecificaUy cleaved by bovine mucosal enterokinase, allowing removal of the 
peptide from the pufificd protein. Rision proteins capped with such peptides may also be 
resistant to iniracelhilar degradation in £ coll 

Rision proteins further comprise the amino add sequence of a RANKL Unked to an 
immunoglobulin Fc region. An exemplary Fc rcgbn is a human IgG, having a nucleotide 
15 an amino acid sequence set forth in SEQ ID N0:8. Fragments of an Fc region may also be 
used, as can Fc muteins. F6r example, certain residues within tiie hinge region of an Fc 
region are critical for high affinity binding to FcyRI. Canfield and Morrison (A Exp. Med, 
173:1483; 1991) reported that Uu(234) and Leu<233)Wcn: critical to high affinity binding of 
IgGj to FctJU present on U937 cells. Similar results were obtained by Lund et al. (7. 
immmoL 147:2657. 1991. Molecular ImmuwL 29:53, 1991). Such mutations, alone or 
in combination, can be made in an IgG, Fc region lo decrease die affinity of IgG, for FcR. 
Depending on the portion of the Fc region used, a fusion protein may be expressed as a 
dimcr, through formation of interchain disulfide bonds. If the fusion proteins are made 
witii both heavy and light chains of an antibody, it is possible to form a protein oligomer 
25 with as many as four RANKL regions. 

In another embodiment, RANKL proteins fimher comprise an oligomcrizing 
P^>tidc such as a leucine zipper domain. Leucine zippers were originaUy identified in 
several DNA-binding proteins (Landschulz et al., 5cienc« 240:1759. 1988). Uucinc 
zipper domain is a term used to refer to a conserved peptide domain present in these (and 
30 other) proteins, which is responsible for dimerization of die proteins. The leucine appci^ 
domain (also referred to hcrem as an oUgomcrizing. or oligomer-forming, domain) 
ooirqniscs a repetitive heptad repeat, widi four or five leucine residues intenqsersed witii 
other amino adds. Examples of leudne zipper domains are tiiose found m die yeast 
transcription factor GCN4 and a heat-stable DNA-binding prx)tein found in rat liver 
35 (C/EBP; Landschulz et al.. Science 243:1681, 1989). Two nuclear transforming proteins. 
fos and/iOT, also exhibit leucine zipper domains, as does the gene product of die murine 
proio-oncogene. c-myc (Landschulzct al., ScUnce 240:1759, 1988). TTie products of the 
nuclear oncogenes znd Jun comprise leucine zipper domams ineferentialb^ form a 
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hcicrodimcr (O'Shca a al., Scumce 245:646. 1989; Turner and Tjian, Science 243:1689, 
1989), The leucioc zipper domain is ncccssaiy for biological aciivity (DNA binding) h 
these proteins. 

The fusogenic proteins of several difTerent viruses, including paramyxovlnis, 
coronavinis. measles virus and many letiovimscs. also possess leudnc zipper domains 
(Buckland and Wild, Natum 338:547,1989; Britton. iVomre 353:394, 1991; Delwait and 
Mosialos. AIDS Research and Human Retroviruses 6:703, J990). The leucine zipper 
domains in these fusogenic viral proteins are near Ae transmcrabiBDc region of the proteins; 
it has been suggested thai the leucine zipper domains could contribute to the oUgomeik 
stnioure of the fusogenic proteins. OtigomerizaUon of fusogenic viral proteins is involved 
in fusion pore formation (Spnice ct al, Proc. Natl Acad, Sci. U,S,A. 88:3523, 1991). 
Leucine zipper domains have also been lecentty icported to play a roJe in oligomeri^ of 
heat-shock transcription factors (Rabindran ci al., Science 259:230. 1993). 

Leucine zipper domains fold as short, parallel coiled coils. (O'Shea et ah. Science 
15 254:539; 1991) The general aichiiecture of the pai^lel coiled coil has been wcU 
characterized, widi a "knobs-into-holes" packing as proposed by Crick in 1953 (Acta 
Crysialiogr. 6:689). Ibt dimer formed by a leucine zipper domain is stabilized by the 
hcptad repeat, designated (ahcdefg)^ according to the notation of McLachlan and Stewart 
(/ Moi. BioL 98:293: 1975), in which residues a and d are generally hydrophobic 
20 residues, with d being a leucine, which tine up on the same face of a helix. Oppoatcly- 
chargcd residues commonly occur at positions ^ and e. Thus, in a parallel coiled coU 
formed from two helical leucine zipper domains, the -knobs" formed by the hydrophobic 
side chains of the first helix arc packed into the "holes" formed between the side chains of 
the second helix. 

25 The leucine residues a position d contribute large hydrophobic stabilization 

energies, and are impoitant for dimer formation (Kiystek et al., Inu J. Peptide Res, 
38:229. 1991). Lovejoy et al. recendy reported the synthesis of a triple-stranded a-helical 
bundle in which the hcUces run upnip^own {Sdenct 259:1288. 1993). Their studies 
confirmed that hydrophobic stabilization energy provides the main driving force for the 

30 formation of coiled coils from heUcal monomers. TTiese studies also indicate dial 
electrostatic inicracijons contribute to the stoichiomctiy and geometry of coiled coUs. 

Several studies have indicated ihax conservative amino adds may be substimted for 
individual leucine residues with minhnal decrease in the abiUiy to dimcrizc; multiple 
changes, however, usually result in loss of this ability (Landschulz et al.. Science 

35 243:1681, 1989; Turner and Tjian. Science 243:1689, 1989; Hu et al., Science 250:1400. 
1990). van Hcckerea et al. reported that a number of differeat amino residues can be 
substimted for the leucine residues m tfw leucine zipper domain of GCN4, and further 
found thai sonoe GCN4 proteins containing two leucine substitutions were weakly active 
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{ffucL Acids Res. 20:3721. 1992). Mutation of the fim and second hcptadic leucines of 
the leucine lipper domain of the measles virus Auion piotein (MVF) did not affect 
syacyUum fonnation (a measure of vhaUy-induced ceU f^ion): however, mutation of aU 
four leucine residues prevented fusion completely (Buddand et al.. / Cen. WroL 73:1703. 
1992). NoneofthemutationsaffectedtheabiliOfofMVFtofoimatetramer. 

Amino acid substitutions in the a and </ residues of a synthetic peptide tcpreseming 
the OC^M leucine zipper domain have been found lo change the oligomerization piopenies 
of the leucine zipper domain (Alber. Sixth Symposium of the Protein Society. San Diego. 
CA). When aU residues at position a are changed to isoleucine. the leudne zipper slUI 
forms a paraUd dimer. When, in addition to this diange, aU leudne residues at position d 
ate also changed to isoleudne. die resultant peptide spontaneously forms a triraeric paislld 
coiled odl in sototion. Substimting aU amino adds at position d wib isolcudnc and at 
position a «dth leudne results in a peptide that tetrameiiss. Peptides containing these 
substinitions ore still refeired to as leucine zipper domains. 

TlJC present invention also indudes RANKL with or widiout associated native- 
pattemglycosyhtion. Proteins expressed in yeast or inammaUan expression systems, e.g.. 
COS-7 cells, m^ be simUar or slightly different in molecular weight and glycosylatioii ' 
pattern than die native molecules, depending upon the expression system. Expression of 
DNAs encoding rSx inventive protdns in bacteria sud> as £ coli provides non-glycosylated 
molecules. Functional mmant analogs of RANKL proCein having htactivated N- 
gJycosylauoo sites can be produced by oligonucleotide synthesis and ligation or by site- 
spodfic mutagenesis techniques. These analog protdns can be produced in a 
homogeneous, reduced^arbohydrnte form m good yidd using yeast expression systems. 
N-glycosylation sites in cukaryotic proteins are characterized by the amino arid triplet Asn- 
A.-Z. where A, is any amino add except Pro. and Z is Ser or Thr. In diis sequence, 
asparagme provides a side diam amino group for covaleat anadiment of caibohydratc. 
Suchasitecan be eliminated by substituting another amino acid for Asn or for residue 2. 
ddedng Asn or 2. or insetting a non-Z amino add between Ai and Z. or an amino add 
Mher titan Asn between Asn and A,. 

RANKL protein derivatives m^ also be obtained by mutations of die native 
RANKL or subonits thereof. A RANKL mutated protein, as cefeired lo herdn. is a 
polypq«ide homologous to a native RANKL protem. but whid> has an amino acid 
sequence different from die moive proton because of one or a phitality of ddetions. 
insenions or substitutions. The effect of any mutation made in a DNA encoding a mutated 
peptide may be easUy determined by analyzing the abiUty of At mutated peptide to bind its 
««»<e«ti«eture in a specific manner. Moreover, activity of RANKL analogs, nuiteins « 
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derivatives can be deterniined by any of the assays described herein (for example, induction 
of NP-kB activation). 

Analogs of the inventive proteins may be constructed by, for example, making 
various substitutions of residues or sequences or deleting terminal or internal residues or 
5 sequences not needed for biological activity. For example, cysteine residues can be deleted 
or replaced with other amino acids to prevent formation of incorrect intramolecular disulfide 
bridges upon renaturatioa. Other approaches to mutagenesis involve modification of 
adjacent dibasic amino add residues to enhance expression in yeast systems in which 
KEX2 protease activity is present 

10 When a deletion or insertion strategy is adopted, the potential effect of d)e deletion 

or insertion on biological activity should be considered. Subunits of ibc inventive proteins 
may be constructed by deleting teoninal or internal residues or sequences. Soluble forms 
of RANKL can be readily prepared and tested for their ability to induce NF-kB activation. 
Polypeptides corresponding to the cytoplasmic regions, and fragments thereof (for 

1 S example, a death domain) can be prepared by similar techniques. Additional guidance as to 
the types of mutations that can be made is provided by a comparison of the fif?quence of 
RANKL to proteins that have similar structures, as well as by perfonfiing structural 
analysis of the inventive RANKL proteins. 

Generally, substitutions should be made conservatively; i.e., the most preferred 

20 substitute amino acids are those which do not affect the biological aciivi^ of RANKL (i.e., 
ability of the inventive proteins to bind antibodies to the corresponding native protein in 
substantially equivalent a manner, the ability to bind the counteistruciure in substantially the 
same manner as the native protein, the ability to induce a RANKL signal, or abiliiy to 
induce NF-kB activation). Examples of conservative substitutions include substitution of 

25 amino acids outside of tiic binding domain(s) (either ligand/receptor or antibody binding 
areas for the extracellular domain, or regions that interact with other, intracellular proteins 
for the cytoplasmic domain), and substimtion of amino acids that do not alter the secondary 
and/or tertiary structure of the native protein. Additional examples include substituting one 
aliphatic residue for another, such as He, Val, Leu, or Ala for one another, or substitutions 

30 of one polar residue for another, such as between Lys and Arg; Glu and Asp; or Gin and 
Asn. Other such conservative substimtions, for example, substitutions of entire regions 
having similar hydropbobtcity characteristics, are weU known. 

Mutations in nucleotide sequences constnieted for expression of analog proteins or 
fragments thereof must, of course, preserve the reading frame phase of the coding 

35 ' sequences and preferably will not create complementary regions that could hybridize to 
pnxbice secondary mRNA structures such as loops or hairpins which would adversely 
affect translation of Che mRNA. 



9 



wo 9808426 



PCrAJS97a3775 



Not aD mutations in the nucleotide sequence which encodes a RANKL jMOtein or 
fragments thereof will be expressed in the final product, for example, nucleotide 
substitutions may be made to enhance expression, primariiy to avoid secondary structure 
loops in the transcribed mRNA (see EPA 75.444A, incorporated herein by icfeience), or to 
5 provide codons that arc m<ffc readily translated by the selected host, e.g., the well-known 
£1 coU preference codons for E, coli expression. 

Although a mutation site may be predetermiDed. it is not necessary that the nature of 
the rautadon per se be predetermined. For example, in order to select for optimum 
characieiisiics of mutants, random mutagenesis may be conducted and the expressed 

10 mntated proteins screened for the desired activity. Mutations can be introduced at particular 
lod by synthesizing oligonucleotides containing a imitant sequence, flanked by restriction 
sites enabling ligation to fragments of the native sequence. Following ligation, the resulting 
reconstnicied sequence encodes an analog having the desired amino acid insertion, 
substitution, or deletion. 

15 Alternatively, oligonucleoiide-direcied site-specific mutagenesis procedures can be 

employed to provide an altered gene having particular codons altered according to the 
substitution, deletion, or insertion requured. Exemplary methods of making the alterations 
set forth above are disclosed by Waldcr et al. {Gene ^2:133. 1986); Bauer et al. (Gene 
37:73, 1985); Craik {BioTechniques, January 1985. 12-19); Smith et al. {Genetic 

20 Engineering: Frincipks and Methods, Plenum Fress. 1981); and U.S. Pwent NOs. 
4.518,584 and 4,737,462 disdose suitable techniques, and are incorporated by itfcroncc 
herein. 

Additional embodiments of the inventive proteins include RANKL polypeptides 
encoded by DNAs capable of hybridhung to the DNAS of SEQ ID NO: 10 or 12 under 

25 moderately stringent conditions (prewashing solution of 5 X SSC. 0.5% SDS. 1.0 mM 
EOTA (pH 8.0) and hybridization conditions of 50'C. 5 X SSC, overnight) to the DNA 
sequences encoding RANKL, or more preferably under stringent conditions (for example, 
hybridization in 6 X SSC ai 63'C overnight; washing in 3 X SSC at 55'C). and other 
sequences which are degenerate to Uiose which encode the RANKL. In one embodiment, 

30 RANKL polypeptides are at least about 70% identical in amino add sequence to die amino 
acid sequence of native RANKL protein as set fonh in SEQ ID NOs:10 and 12. In a 
preferred embodiment. RANKL polypeptides are at least about 80% identical m amino add 
sequence to die native form of RANKL; most preferred polypeptides are those diat are at 
least about 90% identical to native RANKL. 

35 Percent identity may be determined using a computer program, for example, the 

GAP computer program described by Devereux et al. {^ud. Adds Hes, 12:387. 1984) and 
available from the University of Wisconsin Genetics Computer Group (UWGCG). For 
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fragments derived iiroin the RANKL procein. the identity is caiculaicd based on that poitioo 
of the RANKL protein that is present in the fragment 

The biological activity of RANKL analogs or nmteins cao be detemiined by testing 
the ability of the analogs or rauicins to induce a signal through RANK, for example, 
5 activation of transcription as described in the Examples herein. Alternatively, suitable 
assays, for example, an enzyme immunoassay or a dot blot, employing an antibody that 
binds native RANKL, or a sc^uble form of RANK, can be used to assess the activity of 
RANKL analogs or omtcins. Suitable assays also include, for example, assays that 
measure the ability of a RANKL peptide or mutein to bind cells expressing RANK, and/or 

10 the biological effects thenon. Such m^ods are well known in (he an. 

Fragments of the RANKL nucleotide sequences are also usefiiL In one 
embodiment, such fragments comprise at least about 17 consecutive nucleotides, preferably 
at least abMtt 25 nucleotides, more preferably at least 30 consecutive nucleotides, of the 
RANKL DNA disclosed herein. DNA and RNA complements of such fragmenis are 

IS provided herein, along with both single-stianded and double-stranded forms of the 
RANKL DNAs of SEQ ID N<^10 and 12, and those encoding tbe aforementioned 
polypepUdes. A fragment of RANKL DNA generally comprises at least about 17 
nucleotides, preferably from about 17 to about 30 nucleotides. Such nucleic acid fragments 
(for example, a probe conesponding to tbe extracelhilar domain of RANKL) are used as a 

20 pn*e or as pri mers in a polymerase chain icaciion (PGR). 

The probes also find use in detecting the presence of RANKL nucleic acids in 
in vitro assays and in such procedures as Nonhem and Southern blots. Cell types 
expressing RANKL can be identifted as welt. Such procedures are well known, and the 
skilled artisan can choose a probe of suiuble length, dependmg on the particular intended 

25 application- For PCR, 5' and 3* primers corresponding to the termini of a desired RANKL 
DNA sequence are employed to amplify that sequence, using conventional techniques. 

Other useful fragments of the RANKL nucleic acids arc antisense or sense 
oligonucleotides comprising a single-stranded nucleic acid sequence (either RNA or DNA) 
capable of binding to target RANKL mRNA (sense) or RANKL DNA (antisense) 

30 sequences. Tbe ability to create an antisense or a sense oligonucleotide, based upon a 
cDNA sequence for a given protein is described in, for example. Stein and Cohen, Cancer 
Res. 48:2659, 1988 and van der Krol et al., BioTtchniques 6:958. 1988. 

Uses of DNAs. ProCftins and Analogs 
35 The RANKL DNAs, protems and analogs described herein will have numerous 

uses, including the prq[»rati(m of phaimaceutical compositions. For example, soluble 
forms of RANKL will be useful to transduce signal via RANK. RANKL compositions 
(both protein and DNAs) wiU also be useful in development of antibodies to RANKL, both 
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those that inhibit binding to RANK and those that do not. The mventlvc DNAs are useful 
for Che expression of tecombioant proteins, and as probes for analysis (either quaatitathre or 
qualitative) of the presence or distribution of RANKL transcripts. 

The inventive proteins will also be useful la prepaiing kits that are used to' detect 
5 soluble RANK or RANKL, or monitor RANK-rclatcd activity, for example, in patient 
specimens. RANKL proteins will also find uses in monitoring RANK-rclated activity in 
other samples or compositions, as is necessary when screenmg for antagonists or mimeiics 
of this activity (for example, peptides or small molecules that inhibit or tnimic, respectively, 
the interaction). A variety of assay formats are useful in such kits, including (but not 

10 limited to) EUSA, dot blot, sotid phase bindhig assays (such as Uwsc using a biosensor), 
rapid format assays and bioassays. 

The purified RANKL accarding to the invention will fadlitate the discovciy of 
inhibitors of RANK, and tiius, inhibitors of an inllammatoiy response (via inhibition of 
NF-kB activation). The use of a purified RANKL polypeptide in the screening for 

15 potential inhibitors is important and can virtually eliminate the possibility of interfering 
reactions with contaminants. Such a screenmg assay can utilize cither the extracellular 
domain of RANKL^ or a fragment tiiereof. Detecting die inhibiting activity of a molecule 
would typically involve use of a sohjble form of RANKL derived from tiw exiraccnular 
domain in a screening assay to detect molecules capable of binding RANK and inhibiting 

20 binding of die RANKL. 

In addition. RANKL polypeptides can also be used for structorc-bascd design of 
RANKL-inhibitors. Such struaure-based design is also known as "rational drug design." 
The RANKL pc^ypeptides can be tiuee-dimensionally analyzed by. for example. X-ray 
crystallography, nuclear magnetic resonance or homology modeling, all of which are well- 

25 known metiiods. The use of RANKL suuctural information in molecular modeling 
software systems to assist in Inhibitor design is also encompassed by the invention. Such 
computer-assisted modeling and divg design may utilize infonnation such as chemical 
conformational analysis, electrostatic potential of Uie molecules, protein folding, etc. A 
particular method of the invention comprises analyzing \bt tiuee dimensional structure of 

30 RANKL for likely binding sites of substrates, syntiiesizing a new molecule that 
incorporates a predictive reactive site, and assaying the new molecule as described above. 

Moreover, as shown in tiw Examples herein, soluble forms of RANKL will be 
useful to induce maturation of dendritic cells (DQ, and to enhance dieir allo-stimulatoiy 
capacity. Accordingly. RANKL proteins will be useful in augmenting an immune 

35 response, and can be used for these purposes eiUjer ex vivo (i.e., in obtaining cells such as 
DC from an individual, exposing them to antigen and cytokines ex vivo, and le- 
administcring tiiem to the individual) or in vivo (i.e., as a vaccine adjuvant dial will 
augment humoral and/or cellular imnmnlty). RANKL wiU also be useful promoting 
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viability of T ceUs in the presence of TGF6, which wiU also be helpful in regulating an 
itnmune response.. 

faprcssion of Rflcomhinant RANKT. 
5 The proteins of the present invention are prcfciably produced by recombinani mA 

methods by inserting a DNA sequence encoding RANKL protein or an analog thereof into a 
rccomWnam expression vector and expressing the DNA sequence in a recombinant 
expression system under conditions promoting expression, DNA sequences encoding the 
proteins provided by this invention can be assembled from cDNA fragments and short 
10 oligonucleotide linkers, or fiom a series of oligonucleotides, to jrovide a synthetic gene 
which is capable of being inserted in a recombinant expression vector and expressed in a 
reoombixiant transcr^onal unit 

Recoml^nant expression veaors inchide synthetic or cDNA-nlerived DNA 
fragments encoding RANKL, or homologs. mmeins or bioequivalcni analogs iheroof. 

15 operably linked to suitable transcriptional or translational regulatory elements derived from 
mainmalian, ouctobial, viral or insect genes. Such reguUioiy elements include a 
transcriptional promoter, an optional operatw sequence to control iransciipiion, 
encoding suitable mRNA ribosomal binding sites, and sequences which control the 
termination of transcription and uanslaiion. as described in detail below. The ability to 

20 replicate in a host, .usually confcned by an origin of replication, and a selection gene to 
facilitate recognition of Uansfonnants may additionally be incorporated. 

DNA regions are operably linked when they arc fimctionally related to each other. 
For example, DNA for a signal peptide (secretory leader) is apmhfy linked to DNA for a 
polypeptide if it is expressed as a precursor which panicipates in the secretion of the 

25 polypeptide; a promoter is operably linked to a coding sequence if it conuols tiic 
transcription of tiie sequence; or a ribosome binding ate is operably linked to a coding 
sequence if it is positioned so as to permit translation. Generally, operably linked means 
contiguous and. in d)e case of secretory leaders, contiguous and in reading frame. EWA 
sequences encoding RANKL, or homologs or anak)gs thereof which are to be expressed in 

30 a microoiiganism will preferably contain no introns that could prematurely tenninate 
transcription of DNA into mRNA. 

Useful expression vectors for bacterial use can comprise a selectable marker and 
bacterial origin of replkation derived from commercially available plasndds comprising 
genetic elements of tbe well known cloning vector pBR322 (ATCC 37017). Such 

35 commercial vectors inchide, for example. pKK223'3 (Phaimacia Fine Chemicals, Uppsala, 
Sweden) and pGEMl (Promega Btotec. Madison, WI, USA). Tbcse pBR322 -backbone" 
sections are combined with an appropriate promoter and the stnictuial sequence to be 
expressed. E. colt Is typically transfonned using derivatives of pBR322, a plasmid derived 
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from an £ co/i species (Bolivar et al.. Gtne 2:95. 1977). pBR322 contains genes for 
ampidllin and letracycUne lesisiance and ihus provides simple means for identilying 
transformed oeUs. 

Piomoten commonly used in recombinant microbial expression vectors include the 
^lactamase (penidliinase) and lactose promoter system (Chang et al.. Nasurt 275:615. 
1978: and Goeddel el al.. Name 2«:S44. 1979). the tryptophan (tq,) promoter system 
(Ooeddel et aJ., Nucl. Acids Res. «:4057. 1980; and EPA 36.776) and lac piamoter 
(Maniatis. MoUaJar Ckming: A Laboratory Mawial. CoiA Spring Harbor Laboratory p 
412, 1982). A panicidaily usefiil bacterial expression system employs the phage x'pl 
promoter and cI857ts thennolabae repressor. Plasmid vectors available fiom the American 
TVpc culture CoUection which incoqiorate derivatives of the X Pl promoter include 
plasmid pHUB2. resident fa £ orf,- strain JMB9 (ATCC 37092) and pPU28. resident in 
£ eoli RRl (ATCC S3082). 

Suitable promoter sequences in' yeast veaors include the promoters for 
15 meiallotbionein. 3-phosphoglyceratt kinase (Hitzeman et al.. /. BioL Chem. 255:2073, 
1980) or other glyeolytie enzymes (Hess et aL. / A<ft.. Enzyme Reg. 7:149. 1968; and 
Holland et al.. Biochtm. 77:4900, 1978). such as enolase. glyccmldehyde-S-phosphaie 
dehydrogenase, hexokinase, pynivaie decarboxylase, phosphofnjctokinase, gtacose-6- 
phosphate isomerase. S^ihosphoglyeeiate mutase. pyruvate kinase, irioscphosphate 
isomemse, phosphoglueose Isomerasc. and glucokinase. Suitable vectois and promoters 
for use in yeast expression are further described In R. Hitzeman et al.. EPA 73.657. 

Preferred yeast vectors can be assembled using DNA sequences fiom pBR322 for 
selection and replication in £ co/i (Amp^ gene and origin of iq)Ucation) and yeast DNA 
sequences including a ghicose-repressible ADH2 promoter and a-factor secretion leader. 
25 The ADH2 promoter has been described by RusseU et al. (/. BioL Chem. 2S&2674. 1982) 
and Beier et al. (Nature 500:724. 1 982). Tbt yeast ct^factor leader, which directs secretion 
of heterologous proteins, can be mseiied between the promoter and the structural gene to be 
expressed. See. e.g.. Kuijan et al.. Cell ift933. 1982; and Bitter et al.. Proc NatL Acad. 
ScL USA W:5330. 1984. The leader sequence may be modified to contain, near its 3' end. 
one or more useful restriction sites U> fadUtate fusion of dx leader sequence to fottign 
genes. 

The transcriptional and iranslatlonal control sequences In expression vectois to be 
used in transfomiing vertebrate oelU m^r be provided by viral sources. For exaRq>ie. 
commonly used promoters and enhancers are derived from Polyoma. Adenovittis 2. Simian 
35 Vims 40 (SV40). and homan cytomegaloviius. DNA sequences derived from the SV40 
viral genome, for example. SV40 origin, eariy and late promoter, enhancer, splice, and 
polyadeiiybtion sites may be used to provide the other genetic elements required for 
expression of a heten^gous DNA sequence. TTie eariy and late promoten are paitieukriy 
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useful because both arc obtained casUy from the vims as a fragment which also conbdns the 
SV40 viral origin of n^ication (Tiers et al.. Nature 273: 1 13. 1978). Smaller or larger 
S V40 fiagniCDts may also be used, provided the a^jroximately 250 bp sequdice extending 
from ^ Hind in site toward the Bga site located in the viral <mgio of ^plication is 
included. Further, viral genomic promoter. conUol and/or signal sequences may be 
utilized, provided such control sequences are compatible with the host oeU chosen. 
Excmplaiy vectors can be constructed as disclosed by Okayama and Berg {Mol Cell Biol 
i:280, 1983). 

A useful system for stable high level expression of mammalian receptor cDNAs in 
C127 murine mammary qntbelial cells can be constnicted substantially as described by 
Cosman et al. {MoL Immunol, 25:935, 1986). A pref^ cukaiyotic vector for 
expression of RANKL DNA is referred to as pDC406 (McMahan et al.. EMBO J. 
lQM2h 1991). and inchides regulatory sequences derived from SV40, human 
immunodeficiency virus (HIV), and Epstdn-Barr virus (EBV). Other preferred vectors 
15 include pDC409 and pDC410. which me derived from pDC406. pDC410 was derived 
from pDC406 by substituting the EBV origin of replication with sequences encoding the 
SV40 large TanOgeiL pI)C409 differs from pDC406 in that a ^^/D restriction she outside 
of the multiple cloning site has been deleted, making the U site within the multiple 
cloning site unique. 

20 A useftil oeU tine thai allows for qiisomal r^lscation of expression vcctora, such as 

pDC406 and pDC409, which contain the EBV origin of rq)Jication, is CV-l/EBNA (ATCC 
CRL 10478). The CV-l/EBNA cell line was derived by transfection of the CV-1 cell line 
with a gene encodit^ Epstein-Banr virus nuclear antigen-1 (EBNA-1) and constiturivcly 
express EBNA-1 driven from human CMV immedjate-eariy enbanoeiAHomoter 

25 

UssuQells 

Transformed host cells arc ocUs whidi have been transformed or transfected with 
expression vectors constnicted using recombinam EWA techniques and which contain 
sequences encoding the proteins of the present invention. TVansfooned host cells may 
express the deshvd protein (RANKL. or homologs or analogs thereof), but host odls 
transformed for purposes of cloning or amplifying the inventive DNA do not need to 
express die protein. Expressed proteins will preferably be secreted into the culmre 
swperoaumt, (tepending on the DNA selected, but may be deposited in the ccU membrane. 
Suitable host cells for expression of proteins include prokaryotcs, yeast or higher 
35 eukaryotic cells under the control of appropriate promoters. Prokaryotes mdudc gram 
negative or gram posidvc organisms, for exan^Ie E coU or BaciUus spp. Higher 
cukaryotic cells inchide established oefl lines of mammaHayi ongin as described below, 
CcU-free translation systems could also be employed to produce proteins using RNAs 
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derived from cbe DMA constructs disclosed herein. Appropriate cloning and expression 
vectors for use with bacterial, fungal, yeast, and nuunmalian ceUular hosts are described by 
POttwels et 81. (CUmlng Veetors: A Lpbamtory Manual, Elsevier. New York, J985) the 
rdevant disclosure of which is hereby incorporated by reference. 

Prolcaryotic expression hosts may be used for expression of RANKL. or honwlogs 
or analogs thereof that do not mp^ «tensive proteolytic «,d disulfide processing 
Proicaiyotic expression vectors gerwaUy comprise one or moie phenoiypic sdeciaUe 
narkos. for example a gene encoding proteins conferring anuTiiotic .distance or supplying 
an autotrophic requirement, and an origin of replication recognized by the host to ensure 
arophfication within the host Suitable prokaryoUc hosts for tr«,sformation included coU. 
Badttus subtilis. Sabnonelh typhimurium. and various species within the genem 
Pseudomonas. Strcptomyces, and SiapAy/ococcitr. although others may also be employed 
asamatierofchoice. 

Recombinant RANKL may also be expressed in yeast hosts, preferably fiom the 
Saccharomyces species, such as S. cerevisiae. Yeast of other genera, such as «cW<, or 
Kl^romyc» may also be employed. Yeaa vectors wiU genciaDy contain an origin of 
repl.catK,» irom the 2n yeast plasmid or an autotrmnousiy replicating sequence (ARS) 
promoter. DNA encoding the protein, sequences for polyadenylation and transcription 
««nmtttion and a selection gene. Preferably, yeast vectors wiU i«dudc an origin of 
replicaUon and selectable marker pemuttingtransforimition of both yeast and £c^^ eg 
the ampicillin resistance gf^ of £ ccU and 5. cerevisiae trpl gene, which provides a 

setaaon marker foramutant strain of ycasi lacking the ability to glow in tryptophan, and a 
promoter derived fiwn a highly expressed yeast gene to induce transcription of a smrcmral 
sequence downsueam. The presence of the trpl lesion In the yeast host ceU genome d>en 
provides an effective enviroiuncm for detecting transformation by growth in the absence of 
tryptophan. 

Suitable yeast transformation protocols are known to those of sidll in the art; an 
exemplary technique is described by Hinnen et al.. P,vc. NciL Acad. ScL USA 75: 1929. 
1978. selectiiig fiv Tip+ transformanis in a selective medium consisting of 0.67% yeast 
nitrogen base. 0.5% casamino acids. 2% glucose. 10 (igAnl adenine and 20 ngtotf uracil. 
Host strains transformed by vectors coning the ADH2 promoter may be grown for 
«pmssion in a rich medram consisUng of 1% yeast extract. 2% peptone, and 1% glucose 
supplemented with 80 ugAnl adenine and 80 ngtol uracil Derepression of the ADH2 
promoter occurs upon exhaustion of medium glucose. Crude yeast supematants are 
harvested by filtntion and held at 4'C prior to further purification. 

Various oammaliaD or insea ceU culnirr systems can be employed to express 
recombmant protein. Baculovirus systems for production of heterologous pmteins in insect 
cells are reviewed by Luckow and Summers. Bia/Tedmology (1988). Examples of 
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suitable mammalian host cell lines include the COS-? lines of monkey kidney cells, 
dearibcd by Gluzman (Ccli 2i: 175. 1981). and other oeU lioes capable of expressing aii 
appropriaie vector including, for example. CV-l/EBNA (ATCC CRL 10478). L oeUs. 
C127. 3T3. Chinese hanjster ovary (CHO). HcU and BHK ceU lines. Mammalian' 
expression vectors may comprise nontranscribed elements such as an origin of rq)lication, 
a suitable promoter and enhancer linked to the gene to be expressed, and other 5' or 3* 
flanking noniiwiscribed sequences, and 5* or T nootranslated sequences, such as 
necessary ribosomc binding sites, a polyadenylation site, splice donor and acceptor sites, 
and transcriptional termination sequences. 



Purification nf ^Pr^f^jpftnt R>V^nf^ , 

Purified RANKL, and homologs or analogs thereof are prepared by culturing 
suitable host^ocior systems to expiess the recombinant translation products of the DN As of 
the present invention, which arc then purified from culture media or cell extracts. For 

15 example, sopematants from systems which secrete recombinant piotcin into culture media 
can be first c(»ioentrated using a commercially available protein conccotraUon filter, for 
example, ao Amicon or Millipoie Pellicon ultrafiltration unit 

FoUowing the concentration step, the concentrate can be appUcd to a suitable 
purification mattix. For example, a suitable affinity matrix can comprise a counter structure 

20 protein or lectin ae antibody molecule bound to a suitable support. Alternatively, an anion 
exchange resin can be en^loycd. for example, a matrix or substrate having pendant 
dicthylarainoethyl (DEAE) groups. Ibc matrices can be aci7lamide, agarose, dexnan, 
cellulose or other types commonly emplf^ed in protein purification. Aheroatively. a cation 
exchange step can be employed Suitable cation exchangers include various insoluble 

25 matrices comprising sulfopropyl or carboxymethyl groups. Sulfopropyl groups arc 
preferred. Gel filtradon chromatography also provides a means of purifying the inventive 
proteins. 

Affinity chromatography is a partknilarly prefeired naethod of purifying RANKL 
and homologs thereof. Fdr example, a RANKL expix^ssed as a fusion protein comprising 

30 an immunoglobulin Fc region can be purified using Protein A or ftolein O affinity 
chromatogr^. Moreover, a RANKL protein comprising an oligomerizing zipper domain 
may be purified on a lesin conning an antibody specific to die oiigomerizing zipper 
domain. Monoclonal antibodies against the RANKL protein in^ also be useful in affin^ 
chromatography purification, by utilizing methods that are well-known in the art. A ligand 

35 may also be used to prepare an affmity matrix for affmity purification of RANKL. 

Finally, one or more leversed-phase high performance liquid cfaromatogr^hy (RP- 
HPLC) steps employing hydrophobic RP-HPLC media, e,g., silica gel having pendant 
methyl or other aliphatic groups, can be employed to further purify a RANKL composition. 
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Some or all of the foregoing puriGcalion steps, in vaiious combinations, can also be 
employed to provide a homogeneous recombinant protein. 

Recombinant protein produced in bacterial culture is usually isolated by initial 
extraction from ocU pellets, followed by one or more concentration, salting^ut, aqueous 
ion acchange or size exclusion chromatography steps. Fmally, high performamx liquid 
chiomaiogiaphy (HPLQ can be employed for final purificaUon steps. Microbial cells 
employed in expression of lewmjbinam procemcan be dismpted by any convenient method, 
including froeze^w cycling, sonicaiion. mechamca] disniption. or use of ccU lysing 
agents. 

iTimentation of yeast which express the inventive protein as a secreted protein 
greatly simplifies purification. Secreted recombinant protein lesuking fitmi a large-scale 
fermentation can be purified by methods analogous to those disclosed by Urdal ei al. (J, 
Chromoiog, 296:111, 1984). TOs icfenace describes two sequential, levened-phase 
HPLC steps for purificadon of recombinant human GM-CSF on a preparative HPLC 
15 column. 

Protein synthesized in lecombinant culture is characterized by the presence of ceU 
components, including proteins, in amounu and of a duuacter which depend upon the 
purification steps taken to cecovcr the invenUvc protein from the culoire. These 
components ordinarily will be of yeast, prokaryotic or non-human higher cukaryoiic origin 
and preferably are present in mnocuous contanunam quantities, on the order of less dun 
about 1 percent by weight Further, recombinant cell culture enables the production of the 
inventive proteins fiee of odier proteins which may be normally associated with die proteins 
as ihey are found in namre in the species of origin. 

^ Uses and Adminbitrati^n RANK!, rnnnvi^j^j^ii^ 

Tbe prescm invention provides methods of using therapeutic compositions 
comprising an effective amount of a protein and a suitable diluent and carrier, and methods 
for regulating an immune or inflammatory response. TTie use of RANKL in conjunction 
with soluble cytokine rcceplore or cytokines, or other immunoregulatory molecules is also 
30 contemplated. 

For ther^tjc use. purified protein is administered to a patient, preferably a 
human, for treatment in a manner appropriate to die indication. Thus, for example. 
RAJW- protein compositions admnustered to legulaic immune function can be given by 
bolus injection, continuous infusion, sustained release from implants, or other suitable 
35 technique. Typically, a therapeutic agent wiU be admhustcrcd in the form of a co^ 
comprismg purified RANKL, in conjunction widi physiologicaUy acceptable earners, 
cxcipicnts or diluents. Such carriers wiU be nontoxic to ttclpients at the dosages and 
concentrations employed. 
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Ordinarily, the pieparatton of such protein composiUons entails combiiung ihe 
inventive protein with bufTcre, antioxidants such as ascoifoic acid, low molecular wei^t 
(less than about 10 icsidues) polypepUdes. proteins, amino acids, caibohydrates including 
glucose, sucrose or dejctrins, chelating agents such as EDTA, ghitathione and other 
5 stabUizars and excipicmts. Neutral buffered saline or saline mixed widi conspecific semm 
albumin arc exemplaiy appropriate diluents. Preferably, product is fonnulatcd as a 
Jyophilizate using appropriate excipieni solutions (c.g., sucrose) as diluents. Appropriate 
dosses can be detennined in trials. The amount and frequency of aAnmis^rntion will 
depend, of course, on such factors as the nature and severity of die indication bdng treated. 
10 the desired response, the condition of die patient, and so forth. 

As shown hrcin, RANKL has benefietal effects on various cells important in the 
immuncsystcm. Accordingly, RANKL may be adininstcred to an individual as a vaccine 
^.•••^ adjuvant, or as a therapeutic agent to uprcgulaie an fanmune lesposnc, for example, 
ininfectious disease. Moreover, NF-i^ has been found to play a protective role in 
•4%»' prevcntiDg apoptotic death of cells mduced by TNF-a or cheracKhciapy. Accocdmgly, 
agonists of RANK (i.e., RANKL and agonistic antibodies) will be useful in protecting 
: RANK-cxpressing cells ftom the negative effects of cbnnoUierBpy or the presence of high 

• ..^ levels of TNmx such as occur in sepsis (sec. i.e., Barinaga, Science 274"724, 1996, and 

the articles by Beg and Baltimore and Wang etal., pages 782 and 784 of diat same issue of 
20 Science). 

Throughout the description and claims of this specification, the word 
"comprise" and variations of the vrord, such as "comprising* and comprises-, is 
not Intended to exclude other addithres. components, integers or steps". 

• ^. . ^ The following examples are offered by way of illustratJon, and not by way of 
•••• llmrtation. Those skilled In the art will recognize that variations of the invention 

embodied in the examples can be made, especially In light of the teachings of the 
various references cited herein, the disclosures of which are incorporated by 
: reference. 

EXAMPLBJ 

30 The example describes the identification and isolauon of a DNA encoding a novel 

member of die TNF receptor superfaraily. A partial cDNA mseit wiUi a predicted open 
readmg frame having some similarity to CD40 (a cell-surface antigen piescnt on the surface 
of bodi normal and neoplastic human B cells that has been shown lo play an impoitani role 
in B-ceU prolifemion and differtntiation; Stamenkovic et al., EMBO J, 8:1403. 1989). 
35 was identified in a database containing sequence information from cDNAs gcneiated torn 
hunian bone marrowKlerivcd dendritic cells (DC). The msert was excised from die vcaor 
^ ratiicdon endonudease digestion, gel purified, labeled with "P. and used to hybridize 
generated finom a DC cDNA libraiy containmg larger cDNA inserts using 

^O^^"^ 19 
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high stringency hybridization and washing techniques (hybridization in 5xSSC. 50% 
fonnamide at 4T'C ovcmighu washing in O^xSSC at 63*0; other suitable high stringency 
conditions aie disclosed in Sambrook e( al. in Mok^cu]a^ cinninp: a Lflbon>Tnrv m^|^.^| 
2nd cd. (Cold Spring Hartw Laboratory, Cold Spring Harbw, NY; 1989), 9.52-9.53. 
5 Initial experiments yielded a clone rcfencd to as 9D-8A (SEQ ID Nai); subsequent 
analysis indicated that this clone contained all but the extreme 5* end of a novel cDN A, with 
piedicted intion sequence at the extreme 5' end (nucleotides 1-92 of SEQ ID N0:1). 
Additional colony hybridizadons were performed, and a second done was isolated. The 
second clone, referred to as 9D-15C (SEQ ID N0:3). contained the 5' end without intron 
10 imenupcion but not the iuU 3'eod. SEQ ID NO:5 shows the nucleotide and amino add 
sequence of a predicted fiill-lengdi protein based on aligmncm of the overiapping sequences 
of SEQ ID NOs: land 3. 

The encoded protein was designated RANK, for receptor actwator of NF-kB. The 
cDNA encodes a predicted Type 1 transmembrane protein having 616 amino add residues. 

15 with a predicted 24 amino acid signal sequence (the computer predicted cleavage site is after 
Leu24). a 188 aimno acid extraodhilar domain, a 21 amino add transmembrane domain, 
and a 383 amino acid {cytoplasmic caU. Tlie extiaoeUular region of RANK displayed 
significant amino add homology (38.5% identity, 52.3% similarity) to CD40. A doning 
vector (pBluescriptSK-) containing human RANK sequence, designated 

20 pBhiescript:huRANK (in E coii DHIOB). was deposited with the American Type Culture 
CollecUon, RockvUlc, MD (ATCT) on December 20, 1996. under terms of the Budapest 
Treaty, and given accession number 98285, 

EXAMIf LK 2 

25 This example describes construction of a RANK DNA construct to express a 

RANK/Fc fusion protein. A soluble fonm of RANK fused to d» Fc region of human IgG, 
was constructed in the mammalian expression vector pDC409 (U5SN 08/57 1^9). This 
expression vector encodes the leader sequence of the Cytomegalovirus (CMV) open reading 
frame R27080 (SEQ ID NO:9), followed by amino acids 33-213 of RANK. foUowcd by a 

30 mutated form of the constant domain of human IgG, that exhi1>its reduced affiniiy for Fc 
receptors (SEQ ID NO:8; for the fusion protein, die Fc portion of the construa consisted of 
Arg3 through Lys232). An alternative expression vector encompassing amino acids 1-213 
of RANK (using the native leader sequence) followed by the IgG, mutein was also 
prepared. Both expression veaors were found to induce high levels of expression of the 

35 RANK/Fc fusion protdn in transfccted cells. 

To obuitn RANK/Fc protein, a RANK/Fc expression plasmid is bansfected into 
CV-l/EBNA cells, and supeniatants are collected for about one week. The RANK/Fb 
fusion protein is purified by means well-known m the an for purificaUon of Fc fusion 
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proteins, for example, by piDUiui A scpharosc column chromatography according to 
roanuf8caixer*5 rccommcndaiions (i.e.. Pharmacia, Uppsala, Sweden). SDS- 
pdyacrylamide gel electrophoresis analysis indicted dial iht purified RANK/I^ procein 
migrated with a molecular weight of -55kDa in the presence of a reducing agent, and at a 
5 molecular weight of -1 lOkDain the absence of a reducing agent 

N-tenninal amino acid sequencing of the purified proteb made using the Q/IV 
R27080 leader showed 60% cleavage after Ala20, 20% cleavage after Pro22 and 20% 
cleavage after Arg28 (which is the Furin cleavage site; amino acid residues are relative to 
SEQ ID N0:9); N-teiminal amino add analysis of the fusion protein expressed wiih the 

10 native leader showed cleavage predominantly after Gln2S (80% after Gln25 and 20% after 
Arg23; amino acid residues are relative to SEQ ID N0:6, full-length RANK). Both fusion 
proteiris were able to bind a ligand for RANK is a specific manner (i.e.. they bound to the 
surface of various cell lines such as a murine tl^mna cell line, EM), hidicadng that the 
presence of additional amino acids at tte N-tennimis of RANK does not interfere with its 

IS ability to bind RANKL. Moreover, die coostrua comprising the CMV leader encoded 
RANK beginning at anuno add 33; thus, a RANK peptide having an N-terminus at an 
amino acid between Arg23 and Plro33, inchisive, is expected to be able to bind a ligand for 
RANK is a specific manner. 

Other members of the TNF receptor superfamily have a region of amino adds 

20 between the transmembrane domain and the ligand binding domain that is referred to as a 
'spacer' region, which b not necessary for ligand binding. In RANK, the amino adds 
between 196 and 213 are predicted to form such a spacer region. Accordingly, a soluble 
form of RANK dsat tenmnates with an amino add in this region is expected to retain die 
ability to bind a ligand for RANK in a specific manner. Preferred Crtenninal amino adds 

25 for soluble RANK peptides are selected from the group consisting of amino acids 213 and 
196 of SEQ ID N0:6» aldiougb' other amino adds in the spacer region may be utilized as a 
C-tennious. 

RXAMPI K 3 

This example illustrates the prq>aration of monodonal antibodies against RANK. 

30 Preparations of purified recombinant RANK, for example, or transfected cells expressing 
high levels of RANK, are employed to generate monodonal antibodies against RANK 
using conventional techniques, such as diose disclosed in U.S. Patent 4,4 1 1 ,993. DMA 
encoding RANK can also be used as an immunogen, for exarnple, as reviewed by PardoU 
and Beckerieg in Immmity 3:16S, 199S. Such aodbodies are likely to be useful m 

35 interfering with RANK-induced signaling (antagonistic or blocking anu*bodies) or in 
inducing a signal by cross-linking RANK (agonistic antibodies), as components of 
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EXAMPl.R d 

TTiis example ilhistrates the induction of NF-icB activity by RANK in 293/EBNA 
oelb (ceU line was derived by tiansfection of the 293 ceD line with a gene encoding Epstein- 
Bair virus nuclear anUgea-1 (EBNA-l) diat con^tituiively express EBNA-1 driven bom 
human CMV iminediat&«arty enhancer/promoter). Activation of NF-kB activity was 
measuied in 293flBBNA cells essentially as desaibcd by Yao et al. UmrmmUy 3:811 
1995). Nuclear extracts were paputA and analyzed for NF-iffl activity by a gel letaidatioii 
assay using a 25 base pair oligonucleotide spanning the NF-kB binding sites. Two ndllion 
ceUs were seeded into 10 cm dishes two days prior to DNA transfection. and culniied in 
DMEM-F12 media containing 2.5% FES (fetal bovine scrum). DNA ttaatfections were 
perfoimed as described herein for the 11^8 promoter/reptmer assays. 

Nuclear extracts were prqured by solubilization of isolated nuclei with 400 mM 
Naa (Yao et al.. stpn). OUgomtdeotides contidiiing an NF-kB binding site were 
«mealed and endlabeled with 32p 74 q^A polyntKleotide kinase. Mobility shift 
leactions contained 10^gof midear extract, 4 ^g of polyCdl^Q and 15.000 cpm labeled 
dooWe-stranded oUgonucteoiide and incubated at mom temperature for 20 minutes. 
Resulting protein-DNA complexes were resolved 00 a 6% native polyaaylamide gd in 
02$ X Tiis-boiate-EDTA buffer. 

Overexpression of RANK resulted ia induction of NF-kB activity as shown by an 
appropriate shift in the mobility of the radioactive probe on the gel. Similar results were 
observed when RANK was triggered by a ligand that binds RANK and transduces a sigpal 
10 cells expressing the receptor (i.e.. by co-tiansfecting cells with human RANK and 
murine RANKL DNA; see Example 7 below), and would be expected to occur when 
triggering is done with agonistic antibodies. 

^ EXAMPLB ff 

This example describes a gene promoter/reporter system based on the human 
Interieukin-8 (E^ ) promoter used to analyze the activation of gene tnnscription in vivo. 
TTie induction of human IL-8 gene transcription by the cyidcines Interkuldn-l (IL-1) or 
mmor necrosis iktoiHilpha CTNF*) is known to be dependent upon imaa NF-kB and 
NF-IL-6 transcription factor binding sites. Fusion of the cyiokine-responsive 11^8 
promoter with a cDNA encoding the murine IL4 receptor (mIL4R) allow, measurement 
of proooier activation by detection of the heterologous reponcr protein (mO^R) on the 
cell surface of transfected cells. 

Human kidney qiithelial ceUs (293CTNA) are transfected (via die 
DEABDEmAN method) widi plasmlds encodiqg: I). d» repoiter;iHonioter construct 
(referred to as plUSrep). and 2). the cDNA($) of interest . DNA concentrations are always 
kq* constant by the additjoo of enw vector DNA. Hie 293ffiBNA edla are plated at a 



20 



30 



35 



23 



wo 9808426 



PCTA2Sm9775 



density of Z5 x lO^ cclhAnl (3 mj/ wdl) in a 6 well plate and incubated for two days prior 
to transfection. Two days after traasfcction, the inIL-4 receptor is detected by a 
radioimmunoassay (RIA) described below. 

In one such experiment, the 293ffiBNA odls were co-transfected with DNA 
5 encoding RANK and with DNA encoding RANKL (sec Example 7 below). Co^xprcssion 
of this receptor and its countcistnictiue by ceils results in activation of ihe signaling process 
of RANK. For such co-tiansfection studies, the DNA conoentration/weil for the DEAE 
transfection were as follows: 40 ng of pll^Srcp tpBIuescriptSK- vector (Sliatagcnc)]; 0.4 
ng CD40 (DNA encoding CD40, a control lecepton pCDM8 vcctCM^); 0.4 ng RANK (DNA 

10 encoding RANK; pDC409 vecbr). and cither 1-50 ng CD40L (DNA encoding the Ugand 
for CD40, which acts as a positive control when co-tiansfected with CD40 and as a 
negative control when co-transfcctcd with RANK; in pDC304) or RANKL (DNA encoding 
a ligand for RANK; in pDC406). Similar experiments can be done using soluble RANKL 
or agonistic andbodies to RANK to trigger oelk transfected with RANK. 

15 For the m]L-4R-$peci&c RIA» a monoclonal antibody reactive with mIL-4R is 

labeled with '"I via a CWoramine T conjugation method; the resulting specific activity is 
typicaDy 1.5 x 10^^ cpm/nmoL After 48 hours, transiccted cells are washed once with 
media (DMEM/F12 5% FBS). Non-speciOc binding sites are blocked by the addition of 
pre-waraied binding media containing 5% non-fat dry milk and incubation ai 3T*G^5% COj 

20 in a tissue culture incubator for one hour. The blocking media is decanted and binding 
buffer containing "*I anti-tnlL^R (done Ml; rat IgGl) is added to the cells and incubated 
with rocking at room temperature for 1 hour. After incubation of the cells with the radio- 
labeled antibody, cells are washed extensively with binding buffer (2X) and twice with 
phosphate-buffered saline (PBS). Cells are lyscd in 1 ml of 05M NaOH, and total 

25 radioactivity is measured with a gamma counter. . 

Using this assay, 293/EBNA co-transfected with DNAs encoding RANK 
demonstrated transcriptional activation, as shown by detection of mun--4R on the cell 
surface. Ovcrexprcssion of RANK resulted in transcription of muH^R, as did triggering 
of die RANK by RANKL. Similar results are obscived when RANK is triggered by 

30 agonistic antibodies. 

EXAMPLE 6 

This example illustrates tiie association of RANK witii TOAF proteins. Interaction 
of RANK with cytoplasmic TRAP proteins was demonstrated by oo-izmnuoopcecipitation 
assays essentially as described by Hsu el al. (Cell 84:299; 1996). Briefly, 293/EBNA cells 
35 were oo-transfected witii plasraids that direa die syntiiesis of RANK and epitope-iag^ 
(FLAG«;SEQIDNO:7)TRAF2orTOAF3. Two drafter transfection, surface piolcins 
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were labeled wiih biwin-cstcr. and cells were lyscd in a buffer containing 0J% NP-40. 
RANK and proteins associated with this receptor were imiminoprecipitaied with and- 
RANK, washed extensively, resolved by clcctn^horecic scparatioo on a 6-10% SDS 
polyacrylamide gd and cJcctrophoietically transferred to a niiioceUulose membrane for 
Western Wotting. The association of TRAF2 and TRAF3 proteins with RANK was 
visualized by probing the membrane with an anUbody that ^ifically recognizes the 
FLAG<& epitope. TRAFs 2 and 3 did not immuiK)predpiitate with anti-RANK in the 
absence of RANK expression. 

EXAMPLE 7 

This exanqjle describes isolation of a ligand for RANK, rcfcired to as RANKL. by 
direct expression cloning. The ligand was cloned essentially as described in USSN 
08/249.189, fUcd May 24. 1994 (the relevant disclosure of which is incorporated by 
reference herein), for CD40L. Briefly, a Ubrary was prepared from a clone of a mouse 
thymoma ceU line EL^ (ATCC TIB 39). caUed EL40.5, derived by sorting five limes with 
15 biotinylatcd CD4Q^c fiision protein in a FACS (fliwresccna tlie 
cDNA liteaiy was made using standard methodology; the plasmid DNA was isolated and 
iransfected into sub^onfluent CVl-EBNA cells using a DEAE<lcxtran method. 
Transfectanis were screened by sUde autozadiography for expression of RANKL using a 
two-step binding method with RANK/Fc fusion protein as prepared in Example 2 followed 
20 by radioiodinatcd goat anti-human IgG antibody. 

A clone encoding a protein that specifically bound RANK was isolated and 
sequenced; the clone was refened to as IIH. An expression veaor containing murine 
RANKL sequence, designated pDC406:nmRANK-L (in E, colt DHIOB), was deposited 
with dje American Type Culture CoUecdon. Rockville. MD (ATCC) on December 20, 
25 1996, under terms of die Budapest Treaty, and given accession number 98284. The 
nucleotide sequence and predicted amino add sequence of this clone are iUustralcd in SEQ 
IDNOrlO. This clone did not contain an initiator methionine; additional, ftiil^lenglb clones 
were obtained from a 7B9 library (piqared substantially as described in US patent 
5.599.905. issued February 4. 1997); the 5' region was found to be idcndcal to that of 
30 human RANKL as shown in SEQ ID NO: 12, amino acids 1 through 22, except for 
subsdmtion of a Gly for a Thr at residue 9. 

This ligand is useful for assessing the ability of RANK to bind RANKL by a 
number of different assays. For example, transfected cells expressing RANKL can be used 
in a FACS assay (or amilar assay) to evahjaic the abUity of soluble RANK to bind 
35 RANKL Moreover, soluble forms of RANKL can be prqwred and used in assays that are 
known in the ait (i.e.. EUSA or BIAcore assays essentially as described in USSN 
08/249,189. filed May 24. 1994). RANKL is also useful in afRnity purification of RANK, 
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and as a reagent in methods to measure the levels of RANK in a sample. Sohible RANKL 
is also useful in inducing NF*kB activation and thus pxotecting cells that express RANK 
from apoptosis. 

EXA^fPLE 8 

S This example describes die isolation of a human RANK ligand (RANKL) using a 

PCR -based technique. Murine RANK Ugand-specific oligonucleotide primcts were used in 
PGR reactions tising human oeD line-derived first su^d cDNAs as templates. Primers 
corresponded to nucleotides 47M97 and to the complement of nucleotides 858-878 of 
murine RANK ligand (SEQ ID NO: 10). An amplified band approximately 400 bp in teogtb 

10 from one reaction usmg the human epidermoid cdl line KB (ATCC CCH7) was gel 
purified, and its nucleotide sequence determined; the sequence was 85% identical to the 
correspondmg region of murine RANK ligand, confirming thai the fragment was from 
human RANKL. 

To obtain full-length human RANKL cDNAs, two human RANKLrSpedfic 

IS oligonucleotides derived from the KB PGR product nucleotide sequence were radiolabeled 
and used as hybridization probes to screen a human PBL cDNA library prepared in lambda 
gtlO (Suatagene. La JoUa, CA). substantially as descrA)ed in US patent 5,599,905. issued 
February 4, 1997 . Several positive hybridizing plaques were identified and purified, their 
inserts subcloned into pBlucscript SK" (Stratagene, La JolJa, CA), and their nucleotide 

20 sequence determined. One isolate, PBL3. was found to encode most of the predicted 
human RANKL. but appeared to be missing approxhnately 200 bp of 5' coding region. A 
second isolate, PBLS was found to encode much of the predicted human RANKL, 
mchiding the entire 5' end and an additional 200 bp of 5' untranslated sequence 

The 5* end of PBLS and the 3' end of PBL3 were ligaled together to form a full 

25 length cDNA encoding human RANKL. The nucleotide and predicted amino add sequence 
of the full-length human RANK ligand is shown in SEQ ID NO: 12. Human RANK Ugand 
shares 83% nucleotide and 84% amino acid identity with murine RANK ligand. A pUismid 
vector containing human RANKL sequence, designated pBluescript:huRANK-L (in £ coU 
DHIOB), was deposited with the American Type Culnire Collection, Rockviile, MD 

30 (ATCQ on March 11, 1997 under terms of the Budapest Treaty, and given accession 
number 98354. 

Murine and hunun ElANKL are Type 2 transmembrane proteins. Murine RANKL 
contains a predicted 48 amino add tnu^lluhu- domain, 21 amino acid transmembrane 
domain and 247 amino acid exiraceUular domain. Human RANKL contains a predicted 47 
35 amino scid intraoeiltilar domain, 21 amino acid transmembrane domun and 249 amino add 
exiraoelbhur domain. 
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This example, describes the chromosomal mapping of human RANK using PCR- 
bascd mapping strategics. Initial human chromosomal assignments were made using 
RANK and RANKL-specific PGR primers and a BIOS Somatic CbD Hybrid PCRabIc 
5 DNA kit from BIOS Laboratories (New Haven. CT), following the manufaciurci's 
instiuciions. RANK m^>ped to human chromosome 18; RANK Ugand mapped to human 
chromosome 13. More detailed mapping was pcrfwmcd using a radiation hybrid mapping 
panel Genebridge 4 Radiation Hybrid Panel (Research Genetics, HuntsvUle, AL; described 
m Walter. MA ct al.. Naxure Genetics 7:22-28. 1994). Data from this analysis was then 

10 submitted etecwmically to the MTT Radiation Hybrid Maj^ (URL; httpV/www^ 
genome.wLmit,cdu/cgi-bin/contig/rhmapper.pl) following the insttuctions cont^ned 
therein. This analysis yielded specific genetic mariccr names which, when submitted 
electronically to the NCBI Entitz browser (URL: http://www3.ncbi.nlmjiih.gov/htbin- 
post/Entrez/query7db=c&forro=0), yielded the specific map locations. RANK mapped to 

15 chrwnosome I8q22.1, and RANKL mapped tochromosome 13ql4. 

^ EMMPLE H 

This example iUustrates the preparation of monoclonal antibodies against RANKL. 
Preparations of purified recombinant RANKL, for example, or transfixed cells expressing 

20 lugb levels of RANKL. are employed to generate monoclonal antibodies against RANKL 
using conventional techniques, such as those disclosed in US Patent 4.411.993. DNA 
encoding RANKL can also be used as an immunogen, for example, as reviewed by Pardoll 
and Beckerleg in immuniry 3:165. 1995. Such antibodies are likely to be useful in 
interfering with RANKL signaling (antagonistic or blocking antibodies), as consents of 

25 diagnostic or research assays for RANKL or RANKL activity, or in affinity purification of 
RANKL. 

To tmmumze rodents. RANKL immmiogeo is emulsified in an adjuvant (such as 
complete or inconaplete Freund's adjuvant, alum, or anotiwr adjuvant, such as Ribi 
adjuvant R700 (Ribi, Hamilton. MT). and injected in amounts ranging fiom 10-100 

30 subcuianeously into a selected rodent, for example. BALB/c im'ce or Lewis rats. DNA may 
be given intradcnnally (Raz ct al., Proc Natl Acad. ScL USA 91:9519, 1994) or 
intamusculariy (Wang et al.. Proc Natl AcadL ScL USA 90:4156. 1993); saline has beea 
foimd to be a suitable diluent for DNA-based antigens. Ten days to tiuee weeks days latw, 
tte immunized anunals arc boosted witii additional immunogen and periodically boosted 

35 tiMreafter on a weekly, biweekly or every tiurd week immunization schedule. 

Scrum samples are periodically taken by letre-oibital bleeding or tail-tip excision for 
testing by dot-bloc assay (antibody sandwich). EUSA (enzyme-linked immunosoibem 
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assay), immunoprecipitatioo. or other suitable assays, including FACS analysis. 
Following detection of an appropriate antibody litw. positive animals are given an 
iotravenous injecUoD of antigen io saline. Ttoec to four days later, tbe animals are 
sacrificed, splenocyies barvesied. and fused to a murine myekma cell line (e.g NSl or 
preferably Ag 8.653 (ATCC CRL 1580]). Hybridoma cell lines generated by this 
proceduie are plated in multiple microtiter plates in a selective medium (for example, one 
containing hypoxanthine. aminopterin. and thymidine, or HAT) to inhibit pioliferation of 
non-fiised cells, myeloma-myeloma hybrids, and splcnocyte-splenocyte hybrids. 

Hybridoma clones dnis generated can be screened by ELISA for reactivity with 
RANKL, for exmiple. by adapuoions of the techniques disclosed by Engvall et al 
Jmmmockenu &87I (1971) and in US Patent 4.703.004. A preferred sctcenmg techniquj 
is the antibody capture technique described by Beckmao et al.. J. Immunol 144:4212 
(1990X Positive clones are then injected into the peritoneal cavities of syngeneic rodenu to 
produce ascites containing high concentrations (>1 mgAnI) of anti-RANK monoclonal 
anttbody. resulting monoclonal antibody can be purified by ammonium sulfate 
precipitation followed by gel exclusion chromatography. Alternatively, affinity 
chromatography based upon binding of antibody to preteb) Aor ptoiein G can also be 
tised. as can affinity chiomatogr^hy based upon binding to RANKL protein. Using die 
methods described herein to monitor the activity of die mAbs. botii blodcing (i e 
antibodies that bind RANKL and inhibit binding to RANK) and non-blocking (i.e.! 
antibodies that bind RANKL and do not inhibit binding) are isolated. 
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EXAMPLE 11 

This example dcmonsiraics tfwt RANK expression can be up-rcguIated. Human 
peripheral blood T cells were purified by flow cytomctjy sorting or by negative selecCion 
using anObody coated beads, and activated with anli-CD3 (0KT3. Dako) coated plates or 
phytohemaggJutinin in the presence or absence of various cytokines, including Inierieukin- 
4 (It^)Jransfonning Growth Facior-fi (TGF-B) and other commerdaUy available 
cytokines ( ILl-a, 11^2. lL-3, 1^6, IL-7, IL.8, IHO. IH2, BUIS, IFN y. TNF- a). 
Expression of RANK was evaluated by FACS in a time course experiment for day 2 to day 
8, using a mouse monocl<mal antibody mAbl44 (prepared as described in Example 3). as 
shown in the table below. Results are expressed as to '+++f ' referring to the relative 
increase in intensity of staining with anU-RANK. Double labeling experiments using both 
anti-RANK and anti-CD8 or anti-CD4 antibodies were also performed. 



Tabic 1: UpregttlationofRANK by Cytokines 



Cytokine (concentratioii) 


Results: 


n^(50ngtol) 


+ 


TGF^(5ng/m!) 


+ to++ 


IL-4 (50 ng/ml) +TGF-B (5 ng/ml) 




ILl-a(10ng/m]) 




IL>2(20ng/M) 




IL-3 (25ng/ml) 




IL-7 (20ng/ral) 




IL-S (lOng^) 




n^lO(SOng/ml) 




IL-12(I0ng/ml) 




11^15 (lOng/ml) 




lFN-7(IOOU/ml) 




TNF-a(10ng/ml) 





Of the cytokines tested, RrA and TGF-B increased the levd of RANK expression 
on both CD8+ cytotoxic and CD4+ helper T ceils from day 4 to day 8. The combination of 
and TGF-fi acted syncrgistically to uprcgulaic expression of this receptor on activated 
TccUs. This particular comlHnation of cyidkmes is secreted by suppresser T cells, and is 
believed to be important m rht generation of tolerance (reviewed in Miichison and Sieper, 
Z Rheumatol 54:141, 1995), implicating die interaction of RANK in regulation of an 
immune response towards either tolerance or induction of an active immune lesponse. 
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EXAMWR 17 

This example illusimes ihe inHuenoe of RANJCFc and hRANKL on activated T 
ceU growtl,. Tbe addiUon of TOFB to anti<3)3 activated human pcriphend blood T 
lytnphocytes induces poUfenttloD airest mi uWnately death of most lyniphocytcs within 
the first few days of culture. We tested the effect of RANK.RANKL InteractiotB on TCFB- 
tieated T ceUs by adding RANICFc or soluble human RANKL to T cell cutants. 

^^..^T"'*^'"*^'"'^^"^^* "O'PBDwen, cultured for six days on anU- 
CD3 (0JCT3. 5^8^) and anU-Flag (Ml. Sugtal) co«ed 24 well plates in the piesence of 
TOFB (ingtol) and IL^ (lOngtel). with or without recombinant FLAG-tagged soluble 
hRANKL (iMfital) or RANICFc (l(H»g/ml). Viable T ceU recovery was determined by 
triplicate tiypan blue countings. 

•n>e addition of RANICFt significantly reduced the number of viable T cells 
recovered after six days, whereas sohible RANKL greatly increased the recovery of viable 
T cells (Figure l). Thus, endogenous or exogenous RANKL enhances the number of 
vuible T ceUs generated b the presence of TGFfi. TGFB. along with 0^. has been 
implicated m immune response regulation when secreted by the TH3/regulatory T ceU 
subset TlKse T cells are believed to mediate bystander suppression of effector T cells 
Accordingly. RANK and its ligand may act in m auto/Jwacrine fashion to influence T ceU 
tolerance. Moreover. TGFB is Icnown to play a n,le in the evasion of the immune system 
efTectedbyeenampathogenicor opportunistic otsanisms. In addition to playing aiole in 
the developmeot of tolerance. RANK may also play n role u. immune system evasion by 
pathogens. ' 



EXAMWR 1^ 

TOs example Illustrates the inflnence of the interaction of RANK on CDla* 
dendriticcells(DC). Functionally mamre dendriUc cells (DQ were generated ih from 
CD34* bone manow (BM) progenitors. Briefly, human BM «!Is from normal healthy 
vohmteera were density fiactioDated using RcoU medium and CD34i- cells immunoalBnity 
isohued using an anU-CD34 matrix column (Ccprate. CaiPm). Tht CD34+ BM cells were 
then cuhured in human OM-CSF (20 ng/ml). human IL4 (20 ngAmI). human TNF-« (20 
ng/ml). human CHCMerived Ht3L (FL; 100 ngAnI) in Super McCoy's medhun 

supplemented with 10% fetal calf serum in a firfly humidified arc incubator (5% COd 
14 days. CDla+. HLA-DR^ DC were then sotted usl,« « FACStar Plus™, and used for 
biological evaluation of RANK 

On hmnan CDla* DC derived &om CD34* bone manow cells, only . subset (20- 
30%) of CDIa+ DC expressed RANK at the cell surface as assessed by flow cytometric 
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analysis. However, addition of CD40L lo the DC cultures resulted in RANK surface 
expression on the majority of CDla+ DC. CD40L has been shown to aciivaie DC by 
enhancing in vitro duster formation, inducing DC moiphologicai changes and upreguiating 
HLA-DR, CD54. CD38. CD80 and CD86 expression 
5 Addition of RANKL to DC cultores significantly increased the degree of DC 

aggregation and cluster fomiation above control cultures, similar to tlK effects seen with 
CD40L (Figure 2). Sorted human CDlat DC were cultured in a cytokine cocktail (GM- 
CSF. IL-4, TNF-a and PL) (upper left panel), in cocktail plus CD40L (upper 
right), in cocktaU plus RANKL (l»ig/ml) Oower left), or in oodctail plus heat macttvated 

10 (AH) RANKL (l^g^ml)Oowcr right) in 24-well flat bottomed cult^ 

media for 48-72 hours and then photographed using an invcision microscope. An increase 
in DC aggregation and chistcr formation above control culnucs was not evident when heat 
inactivated RANKL was used, indicating that this effect was dependent on biologically 
active protein. However, initial phenotypic analysis of adhesion molecule expression 

15 indicated tiiat RANKL-induccd clustering was not due to increased levels of CD2. CDl la, 
CD54orCD58. 

The addition of RANKL to CDla-^ DC enhanced their allo-stimulatory opacity m a 
mixed lymphocyte reaction (MLR) by at least 3- to 10-fold, comparable to CD40L-culturcd 
DC (Figure 3). Allogeneic T cells (1x105) were incubated witii varying numbeis of 

20 inadiated (2000 rad) DC cultured as indicated above for Figure 2 in 96.wcn round 
bottomed culture plates in 0.2 ml culmre medhun for four days. The cultures were pulsed 
with 0.5 mCi PH]-thymidine for eight horns and the ceUs harvested onto glass fiber sheets 
for counting on a gas phase p counter. The background counts for either T cells or DC 
cultured alone were <100cpm. Values represent the mean tSD of triplicaie cultures. Heat 

25 inactivated RANKL had no effect DC allo-stimulatory activity was not further enhanced 
when RANKL and CD40L were used in combination, possibly due to DC functional 
capacity having reached a maximal level with cither cytokine alone, Neitiicr RANKL nor 
CD40L enhanced die in vino growth of DC over die three day culture period. Unlike 
CD40L, RANKL did not significantiy increase the levels of HLA-DR expression nor the 

30 expression of CD80 or CD86. 

RANKL can enhance DC cUister formation and fimctional capadty without 
modulating known molecules mvolved in cell adhesion (CD 18. CDS4), antigen 
presentation (HLA-DR) or costimulation (CD86), all of which are regulated by 
CD4a/CD40L signaling. The lade of an effett on dse expression of these molecules 

35 suggests thai RANKL may' regulaic DC function via an alternate patiiway(s) distinct from 
CD40«:D40L. CHven Uiat Ca>40L regulates RANK surface expression on in vino- 
generated DC and that CD40L b upregulated on activated T cells during DC-T cell 
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interacUoos. RANK and its ligand may foiro an important pan of the activation cascade that 
is indwed during DCmediated T ceU expaosioit Ftmheimoie. culture of DC In RANKL 
results in deaeased leveb of CDlh/c expression, and increased levels of CD83. Bodi of 
these mokcnles are sinulaily modulated doting DC matoiatioi) by CD40L (Caia el al, J. 
£V.A/*<i 18&12d3; 19W).iiidicaiingthatRANKLjnducesDCtnaturation. 

Dendritic cells are refened to as "professional" antigen presenting cells, and have a 
high capacity for sensitizing MHC-iestrirted T cells. Hiere is grovtring interest in using 
dendritic ceDs « vivo as tumor or infectious disease vaccine adjuvams (see. for example. 
Romani. ei al.. / Exp. Med., 180:83. 1994). TTierefore. an agent such as RANKL that 

induces DC maturation and enhances the jad% of dendritic cdb to stimulate an iinm 
response is likely to be useful in immunoiheraiiy of various diseases. 



15 



EXAMPLB 14 

This example describes the isolation of the murine homotog of RANK, referred to 
as muRANK. MuRANK was isolated by a combination of cross-species PGR and colony 
•hybridhaaon. Hie eonservatioo of Cys residues in the Cys-ricb pseudorepeots of the 
extraceDular domaias of TNFR superfamily member proteiRs was exploited to design 
human RANK-based PCR primers to be used on murine fust strand cDNAs &om various 
sources. Both die sense upstream primer and the antisense downstream primer were 
20 designed to have their 3* ends terminate within Cys residues. 

The upstream sense primer encoded nucleoUdes 272-295 of SEQ tt> N0:5 (region 
encoding amino acids 79-86); the downstream antisense primer encoded die complement of 
nucleotides 409-427 (region encoding ammo acids 124-130). Standard PCR reactions 
were set up and nu. using these primers and first suand cDNAs from various murine cell 
25 line ortissue sources. Tliiity reaction cycles of 94'C for 30 seconds. XfC for 30 seconds, 
and 72<'C for 20 seconds were tun. PCR products were aniyzed by electrophoresis, and 
specific bands were seen in several samples. The band ftom one sample was gel purified 
and DNA sequencing revealed that the sequence between the primen was approximately 
85% identical to the conespooding human RANK nucleotide sequence. 

A plasmid based cDNA Ubtary prepared from the murine fetal liver epitbeUum line 
FLBI8 (one of the cell lines identified as positive in die PCR screen) was screened for fiill- 
lengtb RANK cDNAs using murine RANK-specific oUgonucleoUde probes derived bom 
the murine RANK sequence deteimined ftom sequencing the PCR product. Two cDNAs. 
one encoding the 5" end and one encoding die 3- end of full-length murine RANK (based 
on sequence comparison widi the full-length huroah RANKJ were lecombined to generate a 
fuD-length murine RANK cDNA. Hie nutdeoiide and andno add seqeunoe of nmRi^4K 
are shown in SEQ ID Nos:14 and IS. 
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"n^-^A encodes a p«dictedTVpeli«nsniOTbna»praie« having 625^ 
acm residues, with a predicted 30 amino add signal sequence, a 184 amino add 
extBcdhUar domain, a 21 amino add iransraemtoanc domain, and a 390 amino add 
cytoplasmic tail. n« extraoeUuIar region of mnRANK displayed significant amino add 
homology (69.7% identity. 80.8% similarity) to huRANK. n»se of sIdU in the an will 
"cognize d«i the acmal deavage site can be diffe,«,t from dm ptcdicted by computer 
accordingly, the N-tcrminal of RANK may be from amino add 25 to amino add 35 

O"^""*^ of '1«TNF receptor superfamily have a region of amino adds 

benveen the transmembrane domain and the ligand binding domain thai is referred to as a 
^paccr- region. wbid> is not necessary for figand binding. In muRANK. the amino acids 
between 197 and 214 are predicted to form sud, a spacer region. Accordingly. . soluble 
fo™ of RAt« that terminates with an amino acid in this region is «pec 
ahll.tytobind.ligaDdforRANKInaspedficmam,er. Ptefened C-te,mi«I amino adds 
forsoluble RANK peptides are selected from the groupcoosisting of amino adds 214 and 

1 97 of SEQ ID NO: 14. alUK«gh od«r amino adds in the spacer region may be utiliwj* as a 
Clenninus. 

EXAMPIR Iff 

TOs example iUusirates the preparation Of several different sohiWe forms of RANK 
and RANKL. Standard tedmiques of restriction enzyme cutting and ligation in 
combination wiU, PCR-based isolation of fiagments for whid. no convenient restriction 
aias existed, were used. When PCR was utilized. PCR p««lucts were sequenced to 
ascertam whether any mutaUons bad been introduced ; no sudi mutations were found 

In addition to the huRANK/Pc described m Example 2. another RANK^t: fusion 
pioiem was prepared by ligating DNA encoding amino acids 1-213 of SEQ ID N0:6. to 
DNA encoding amino scids 3-232 of the Fc mutdn described previously (SEQ ID NO-8) 
A sumlar construct was prepared for murine RANK. Ugatmg DNA encoding amino acids 1- 
213 of full-length murine RANK (SEQ ID N0:15) to DNA encoding amino adds 3-232 of 
die Fc mnlein (SEQ ID N0:8). 

A soluble, tagged. poly-His version of huRANKL was prepared by llgadng DNA 
encodmg die leader peptide ton die immunoglobulin kappa duin (SEQ ID NO:16) to 
DNA encoding a short version of the F1A0~ tag (SEQ ID NO: 17). foUowed by codons 
cncodmgGly Ser. then apoly-His tag (SEQ IDN0:18). foUowed by codons encoding Oly 
Thr Ser. and DNA encoding amino acids 138-317 of SEQ ID NO:13. A soluble. poly-His 

tagged version of murine RANKL was prepared by Lgadng DNA encoding the CMV leader 
(SEQ ID NOS) to codons encoding Arg Thr Ser. foUowed by DNA encoding poly-His 
(SEQ ID NO: 1 8) followed by DNA encoding amino adds 1 19-294 of SEQ ID NO: 1 1 
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A soluble. oUgon«ric fom. of huRANKL was prepared by ligatiag DNA encoding 
U« CMV leader (SEQ ID N0:9) to a codon encoding Asp foUowed by DNA ending a 
tnmer-fonner "fcudne" zipper <SEQ ID N0:I9). then by eodons encoding Thr Aig Ser 
foUowed by amino acids 138-317 of SEQ ID NO: 13. 

TT«se and other constiucu are prepared by routine experinwiimion. The various 
DNAsaieiheninsened into a suitable expression vector, and expressed. Paniculariy 
preferred expression vectors are those which can be used m roanimalian cells For 
example. pDCW and pDC304. descn-bed herein, are usefid for transient expressioi, For 
stable tiansfectioii. the use of CHO cells U prefeired; several useful vectors are described in 
USSN 08/785.150. now allowed, for example, one of the 2A5.3 ^-derived expression 
vectors discussed therein. 



EgAMWFlff 

TTiisexanvledemonsiratesthatRANKLexpression canbe uj^regulaiedon murine 
15 TceWs. Cells wereobiained&om mesenteric lymph nodes ofC57BU6 mice, and activated 
with anttCDS ooaied plates. ConcanavaKn A (CbnA) or phorbol myiisiate acetate In 
combination with ionomydn (any-CD3: 500A2: Immnnex Corpotatkm. Seattle WA; ConA. 
PMA. ionomycin. Sigma. St. Louis. MO> substantially as described herein, and cultured 
from about 2 to 5 days. Expression of RANKL was evaluated in a three color analysis by 
20 FACS. using antibodies to the T ceU maiteis CD4. OW and CD45RB. and RANKAfe. 
prepared as described heieiiL 

RANKL was not eiqiressed 00 unstimulated murine Tcdls. T cells stimulated with 
either anti-CD3. ConA. or mA/ionoD^cin. showed differential expression of RANKL: 
CD4*/CD45RBU, and CD4VCD45RBH-. cells were positive for RANKL. but CD»f ceUs 

25 wereoot RANKL was not observed on B cells, similar to results observed with human 
cells. 



EXANfPI.B! n 

This example illustrates the effects of murine RANKL on ceU proliferation and 
acavation. Various cells or ceU lines representative of cells that play a rele in an immune 
tesponse (murine spleen, thymus and lymphnode) were evahiaied by culturing them under 
conditiotis promoting their viability, in the presence or absence of RANKL. RANKL did 
not stmuilate any of the tested ceUs to pioliferae. One cdl line, a mactophage ceD line 

"f^ned to as RAW 264.7 CATXX accession nmnber TIB 71) exhiT>ited some signs of 

35 acdvadoQ. 

RAW cells coimhutivcly prodace smaD amounts of TNF-cu Incubation with cither 
huinan or inurine RANKL enhanced production of TNF-a by these cells in a dose 
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dqjendimi manner. The results were not due to coniaminatioo of RANKL preparations 
with endotoxin, since boiling RANKL for 10 minutes abrogated TNF-a production, 
whereas a similar treamiectt of purified endotoxin (LPS) did not affect the ability of the LPS 
to sUmulaic TNF-o production. Despite the fact that RANKL activated the macrophage oeO 
5 line RAW T64.7 for TNF-a production, neither human RANKL nor murine RANKL 
stimulated nitric oxide production by these cells. 

This example tUustrates the effects of murine RANKL on growth and development 

10 of the diymus in fetal mice Ptcgnant mice were injected with 1 mg of RANK/Fc or vehicle 
control protein (murine senim albumin; MSA) on days 13. 16 and 19 of gestation. After 
birth, the neonates continued to be injected with RANKA^c intrapcriloneaUy (IF) on a daily 
basis, beginning at a dose of I ^ig, and doublmg the dose about every four days, for a fmal 
ttesage of 4 jig. Neonates were taken at days 1. 8 and IS post birth, their thymuses and 

15 spleens haivcstcd and examined for size, ccHularity and phenotypic ccmposidon. 

A slight reduction in thymic size at day 1 was observed in the neonates bom to the 
female injected with RANK/Ffc; a sunilar decrease hi size was not observed in the control 
neonates. At day 8. thymic size and ceUuIarity were reduced by about 50% in the 
RANK/Fc-lreated animals as compared to MSA treated mice. Phenotypic analysU 

20 demonstrated thai the relative propoitians of different T oeU populations m the thymus were 
the same in the RANK/Fc mice as the control mice, indicating that the decreased oelhilari^ 
was due to a global depression in the number of thymic T cells as opposed to a decrease in 
a specific population(s). The RANK/Fc-ireatcd neonates were not significamly dilfefwit 
from the control neonates at day i5 widi respect to either size. ceUularity or pheno^ of 

25 tiiymic cells. No significant differences were observed in spleen size, cellulariiy or 
composition at any of the time points evaluated. The difference in ceUularity on day 8 and 
not on day 15 may suggest that RANK/Fc may assert its effect eariy in thymic 
development 

30 

EXAMPIR 10 

This example demonstrates that die C-teiminal region of the cytoplasmic domain of 
RANK is important for binding of several different TRAP proteins. RANK contains ai 
35 least two recognizable PXQX(X)T motifs that are likely TRAP docking sites. Accoidingly. 
the inqwitance of various regions of die cytoplasmic domain of RANK for TRAP binding 
was evaluated. A RANK/GST fusion protcm was prepared substantially as described in 
Smith and Johnson, Gene 67:31 (1988), and used in the preparation of various tnmcations 
as described below. 
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Comparison of (he audeotide sequence of murine and human RANK indicaird ihai 
rheic weie sevexal conserved regions that could be important for TRAF binding. 
Accordingly, a PCR^jased technique was developed to fadl^ prepaialion of various C- 
tenninal tmncations that would i^tain the conserved regions. PCR primers were designed 
to mtroduce a stop codon and restriction enzyme site at seieaed points, yielding the 
mmcations described in Table 1 below. Sequencing confirmed that no undesiivd mutations 
had been introduced in the constructs. 

Radi<ylabeled (3SS-Mei. Cys) TRAF proteins were prepared by in vitro translation 
using a commerdally available reticulocyte lysate kit accoiding to. manufacturer's 
InstrucUons (Promcga). Truncated GST fusion proteins were parifred substantiaUy as 
described in Smith and Johnson (supra). Briefly. £ coU were txansfcctcd with an 
expression vector encoding a fusion protein, and induced to express the protein. TTic 
bacteria were Jysed, insohiblc material removed, and the fusion protein isolated by 
pircipitation widi glutathione^oated beads (Scpahrosc 4B. Pharmacia. U^isala Sweden) 

The beads were washed, and incubated with various radiolabeled TRAF proteins* 
After incuhadon and wash steps, the fusion protcmOKAF complexes were removed fiom 
the beads by boiling in 0.1% SDS + B-meicapiocthanol, and loaded onto 12% SDS gels 
(Novex). Tlie gels were subjected to autoradiography, and the presence or absence of 
radiolabeled material recorded. The results arc shown in Table 2 below. 

Table 2: Binding of Various TRAF Proteins to the Cytoplasmic Domain of RANK 



Cterminal 
Truncations: 


E206-S339 


E206-Y421 


E206-M476 


E206<}544 


Full length 


TRAFI 










++ 


TRAF2 










++ 


TOAF3 










++ 


TRAH 












TRAF5 










+ 


TRAF6 




+ 




+ 


++ 



These lesulte indicate that TRAFI, TRAF2. TRAF3, TRAF 5 and TRAF6 bind to 
the most distal portion of the RANK cytoplasmic domain (between amino^acid G544 and 
A616). TRAF6 also has a binding ate bctweeo S339 and Y421. In this experiment, 
TRAF5 also bound the cytoplasmic domain of RANK. 
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SBQUENCe LISTING 



<!} GENERAL INFORMATION: 

(i) APPLICANT: Inmunex Corporation 
iil) TITLE OF I»VENT1<»»! Ligand for Receptor Activator of NF-kappeB 
(iii) NUMBER OP SBQUQICES: 19 

(ivj CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Iiamunex Corporation. Law Departmept 

(B) STREET: 51 Univeraity Street 
rC) CITY: Seattle 

(D) STATE: KA 

(E) COUNTRY: USA 

(F) ZIP: 98101 

(V) COHPUrER READABLE FORM: 

<A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: ^le Power Macintosh 

(C) OPERATINC SYSTEM: Apple Operating System 7.5.5 

(D) SOFIWARE: Microsoft Word for Power Macintosh 6.0.1 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) PILING DATE: 32 DECEMBER 1997 

(C) CLASSIFICATION; 

(Vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: USSN 60/064,671 

(B) PILING DATE: 14 OCTOBER 1997 
(C> CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA; 

(A) APPLICATION NUMBER: USSN 08/813.509 

(B) PILING DATS: 07 MARCH 1997 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: USSR 08/772.330 (60/064.671) 

(B) PILING DATE: 23 DECEMBER 1996 

(C) CLASSIFICATION: 

(Viii) ATTORNEY/AGENT INFORMATION: 

(Al NAME: Perkins. Patricia Anne 

(Bl REGISTRATION NUMBER: 34.693 

(C) REFERENCE/DOCKET NUMBER: 2852-100 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (206)587-0430 
(8) TELEFAX: (206)333-0644 



(2) INFORMATION FOR SBO ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3115 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEONBSS: single 
(O) TOPOLOGY: linear 

(ii) HOLBCOLB TYPE: cONA 

{iii) HYPOTHETICAL: NO 
Civ) ANTI -SENSE: NO 

(vi) ORIGINAL S0U21CE: 

(A) ORGANISM: HOMO SAPIENS 

(vii) IMMEDIATE SOURCE: 

!o! ^l^^'' ^NE-MARROW DERIVED DENDRITIC CELLS 

(B) CLONE: 9D-8A 

(ix) FEATURE: 

(A) NANB/XEY: CDS 

(B) LOCATION: 93.. 1868 



(xi) SEQUENCE OBSCRIPTION: SEQ ID NO:l: 

GCTGCTCCTG CTCTQCGCGC TCCTCGCCCG GCTGCAOTTT TATCCAGAAA GAGCTOTOTQ 60 

6ACTCTCTCC CTGACCTCAG TCTTCTTTTC AG GTG GCT TTC CAG ATC GCT CCT 113 

Val Ala Leu Gin He Ala Pro 
1 5 

t?^ TAT GAG CAT CTC GGA CGG TCC TGT AAC Ifil 

Pro Cy, Thr Ser Glvi Lys Kia Tyr Glu Hia Leu Gly irg 2^ ^ j^^^ 

15 20 

AAA TCT GAA CCA GGA AAO TAC ATO TCT TCT AAA TGC ACT ACT ACC TCP 209 
Lys C^ Glu Pro Oly Lys Tyr Met Ser Ser Lye Cys Thr Thr 
" 30 35 

GAC ACT GTA TGT CTC CCC TGT GGC OCG GAT GAA TAC TTO GAT AGO TGG 257 
ASP S^r val Cy» Leu Pro Pyo Gly Pro Asp Glu Tyr L^ Sp ^ ?^ 
" 50 55 

J^I rt^ ^ ^ ^ ^ <5TT TGT GAT ACA doc AA6 305 

Asn Glu Glu Asp Lys Cys Leu Leu Hie Lys Val Cy» Asp Tte ^ Lys 
« 65 70 

^f"^?f^^°^°°^°°^*^C*®CACCACCCCCCGGCGCTGC 353 
Ala Leu Val Ala Val Val Ala Gly Asn Ser Thr Thr Pro Arg Arg Ss 
75 80 85 

SS? ??! ^ I*? ^ °AC TGC GAG «K: TOO CGC 

Olu 
100 



401 



irr ; ^ agc cag qac tgc gag tcc tgc cgc 

Ala cys Thr Ala Gly Tyr His Trp Ser Gin Asp Cys Olu Cys eye 

95 100 

?^ llf^ ^ ^ CTS «3C GCC CAO CAC ceo TIC CAO 449 

Arg Asn Thr Glu Cys Ala Pro Oly Leu Gly Ala Gin Si IIS 
110 H5 

CTC AAC AAO GAC ACA GTG TQC AAA CCT TGC CTT GCA GGC TAC rrc TCT 497 
Leu Asn Lys Asp Thr Val Cys Lye Pro cys Leu S2 ^ ^ 
"5 130 135 
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GAT GCC ITT TCC TCC ACG <»C AAA TCX AGA C<X: lt» ACC iUlC TOT ACC 545 
Asp Ala Phe Ser Ser Thr Aap Lys Cys Arg Pro Trp Thr Asn Cys Thr 
140 145 150 

TTC CTT CGA AAG AGA OTA GAA CAT CAT GOG ACA GAG AAA TCC CAT GCG 593 
Pho Leu Cly Lys Arg Val Glu His His 61y Thr Glu Lys Ser Asp Ala 
155 160 165 

GTT TGC ACT TOT TCT CTG CCA GCT AGA AAA CCA CCA AAT GAA CCC CAT 641 
Val Cys ser Ser Ser Leu Pro Ala Arg Lys Pro Pro Asn Clu Pro His 
170 175 leo 

CTT TAC TTG CCC OCT TTA ATA ATT era CTP CTC TTC GCG TCT GTO GCC 689 
Val Tyr Leu Pro Gly Lou He He Leu Leu Leu Phe Ala Ser Val Ala 
185 190 195 

CT3 OTG GCT GCC ATC ATC TTT GGC GTT TGC TAT ACG AAA AAA GOG AAA 737 
Leu Val Ala Ala He He Phe Gly Val Cys Tyr Arg Lys Lys Qly Lys 
200 205 210 215 

GCA ore ACA GCT AAT TTG TGG CAC TGG ATC AAT GAG GCT TGT GOC CCC 785 
Ala Leu Thr Ala Asn Leu Trp Hie Trp He Asn Glu Ala Cys Gly Arg 
220 225 230 

CTA ACT GGA GAT AAG GAG TCC TCA GOT GAC ACT TGT GTC AGT ACA CAC 833 
Leu Ser Gly Asp Lys Glu Ser Ser Oly Asp Ser Cys Vol Ser Thr His 
235 240 245 

ACG GCA AAC TTT GGT CAO CAG GGA GCA TGT GAA GGT GTC TTA CTO CTG 881 
Thr Ala Asn Phe Gly Gin Gin Gly Ala Cys Glu Gly Val Leu Leu Leu 
250 255 260 

ACT CTG GAC GAO AAG ACA TTT CCA GAA GAT ATG TGC TAC CCA GAT CAA 929 
Thr Leu Clu Glu Lys Thr Phe Pro Glu Asp Mec Cys Tyr Pro Asp Gin 
265 270 275 

GGT GGT GTC TGT CAG GGC AOG TOT GTA GGA GOT GGT CCC TAC GCA CAA 977 
Gly Gly Val Cys Gin Gly Thr Cys Val Gly Gly Gly Pro Tyr Ala Gin 
280 285 390 295 

GGC CAA GAT GCC ACG ATG CTC TCA TTG GTC AGC AAG ACC GAG ATA GAG 1025 
Gly Glu Asp Ala Arg Met Leu Ser Leu Val Ser Lys Thr Glu He Glu 
300 305 310 

GAA GAC AGC TTC AGA CAG ATG CCC ACA GAA GAT GAA TAC ATC GAC AGG 1073 
Glu Asp Ser Phe Arg Gin Het Pro Thr Glu Asp Glu Tyr Hec Asp Arg 
315 320 325 

CCC TCC CAG CCC ACA GAC CAG TTA CTG TTC CTC ACT GAO CCT GGA AGC 1121 
Pro Ser Gin Pro Thr Asp Gin Leu Leu Phe Leu Thr Glu Pro Oly Ser 
330 335 340 

AAA TCC ACA CCT CCT TTC TCT GAA CCC CTG GAG GTO GOG GAG AAT GAC 1169 
Lys Ser Thr Pro Pro Phe Ser Glu Pro Leu Glu Val Gly Glu Asn Asp 
345 350 355 

ACT TTA AOC CAC TCC TTC ACG GOG ACA CAG ACC ACA GTO OCT TCA GAA 1217 
Ser Leu Ser Gin Cys Phe Thr Cly Thr Gin Ser Thr Val Gly Ser Glu 
3fi0 365 370 375 
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^ ^ ACT <»G CCC CTG TGC AOS ACT <UT Tt» ACT noicc 
Ser eye Asn Cya Tljr Gl« Pro l^u CyB Arg ^ ^ 

380 385 390 

^ ™ 5?<* ?? <^ 



1313 



A M ... «wwi wnv «ri\» Wiv AUT GGC CAT TGC C?r« 

Ser S.r Olu TVr Leu 01„ ly, Oiu V.l Asp Ser ^ S» Si 

400 

St^ ^ ^ ^ AAC Tt» GCA GAT CnC TCC ACA C3GC 1«i 

His Trp Ala Ala Ser Pro Sex Pro Asn Trp Ala Asp Val ?S ^ 



1409 



^10 - 

Ta:cGGAACCCTCCTGGQ<»GGACTCn'OAACCCCTC 
cya Arg Asn Pro Pro Oly Clu Aep Cya Glu Pro Leu Val S^ ^ 
430 435 

Lys Ara Gly Pro Leu Rro Gin Cys Ala Tyr Gly Mt Oly Leu Pro ^ 

450 455 

^^^2,^^ ^COG/KO GCC AGA GAC CAO CCC GAG CAT GGG 1505 

Glu Glu Glu Ala Ser Arg Thr Glu Ala Arg Asp Gin Pro Olu Asp CW 

465 

?i! ^ ^ ®^ <^ GGT GCC GGG TCT GGA 1553 

Ala Asp Gly Arg Leu Pro Sar Ser Ala Arg Ala Gly Ala Gly Ser G^ 

480 485 



1601 



1649 



AGO TCC CCT GGT GGC CAO TCC OCT GCA TCT GOA AAT GTO ACT GGA AAC 
Ser ser Pro Gly Gly Gin Ser Pro Ala Ser Gly Aan Val Thr 0^ jSn 

495 500 

AGTJUlCTCCJ^GTTCATCTCCAOCGGGCAGGTCATOAACTTCAA^ 
ser Asn Ser Thr Phe lie Ser Ser Gly cm Val Met Aan pS 1^ 

505 510 515 ' . 

So llf T?! I*"" GTC AGC CAG ACC TCG CAO GAG OGC GCG GCG ^1697 

Asp lie Ue Val Val Tyr Val Ser Gin Thr Ser Gin Glu Gly Ala Ala 
525 530 535 

SI m"" S?^ S"^ ^ ^ ^ ™5 CTO GOG 174S 

Ala Ala Ala Clu Pro Met Gly Arg Pro Val Gin Glu Glu Thr Leu Ala 
540 545 550 

CGC CGA GAC TCC TTC GCG GGG AAC GOC COG CGC TTC CCG GAC CCG TCC 1793 
Arg Arg Asp Ser Phe Ala Oly Asn Gly Pro Arg Phe Pro Asp Pro Cys 
555 560 565 

^ ^ ^ ^ ^ GCC TCG AOC CCG Cro 1841 

Gly Gly Pro Glu Gly Leu Arg Glu Pro Glu Lys Ala Ser Arg Pro Val 
''0 575 50JJ 

Sn ^» ^ ^ GCGCCCCCCA TGGCZOQGAG 1888 

Gin Glu Gin Gly Gly Ala Lys Ala 
585 



WGAAGCTC GGAGCCAGGO CTCGCGAGGG CAOCACCGCA GCCTCTCCCC CAG^ 1948 
CACCCAGGGA TCGATCGGTA CAQTOGAGGA AGACCAOCCO GCATTCTCtG CCCACTTIGC 2008 
CTTCCAGGAA ATGGOCTTTT CA06AA0T0A ATTGATOAGO ACTOICCCCA TGCCCACGGA 2068 
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TGCTCACCAG 


CCXGCOGCAC 




CTCTCCCCiNS CCACTCCTCA AACTCGCAOC 


2128 


AGTA^TTTGT 


GGCACTATGA 


CAXXrTATTTT 


TAT6ACTATC ClKtVWHaiXJ GOGGGGOGGT 


2168 


CTATCmTTC 


CCCCCATATT 


TffTATTCCTT 




2248 


TCTTTTTTAA 


TC5TAAAQGTT 


i -Iv Iv AAAAA 




2308 


CTCTTTTCCT 




TTTTTTTGGC 


AACCTGOCTC TGGCCCAGGC TAGAGTOCAG 


2368 






wCAu^wTCTA 


ACTCCTGGGC TCAAGCAATC CAAGTGATCC 


2428 






TAQCTGOGAT 


CACA6CTGCA OGCCACGCCC AGCTTCCTCC 


2488 






AGACACGGTC 


CCACCATGTT ACCCAGCCTG GTCICAAACT 


2548 






CAGCCTCGOC 


CICCCAAAGT ACTOGGATTA CAGGOGTGAG 


2608 


OCCCCACGCT 


GGCCTCCTTT 


ACQTATTTTC 


TPI'IVIUCCC CTGCTCACAO TGTTTTAGAO 


2668 


ATGGCTTTCC 


CASTGTGTGT 


TCATTQTAAA 


CACTTTTGGG AAA0GGC7AA ACATCTGACG 


2728 


CCTGGAGATA 


OTTCSCTAAGT 


TGCTAGGAAC 


ATCTGG'l'tt;G ACTTTCATAT TCTGAAAAAT 


2788 


OTTCTATATT 


CTCATTTTTC 


tAAAAGAAAG 


AAAAAACGAA ACOCGATTTA TTTCTCCTGA 


2848 


ATCTTTTTAA 


Gi-riviKrrco 


TTCCTTAAOC 


AGAACTAAGC TCAGTATGTG ACCTTACCCG 


2908 


CTAGGTGOTT 


AATTTATCCA 


TGCTGOCAGA 


GGCACTCAGG TACTTOGTAA CCAAATTTCT 


2968 


AAAACTCCAA 


GTTOCTGCAO 


CTT6GCATTC 


TTCTTATTCT AGAGGTCTCl' CTGGAAAAGA 


3028 


TGGAGAAAAT 


GAACAGGACA 


TGGGGCTCCT 


OGAAAGAAAG GGCCCOGGAA GTTCAAGGAA 


3088 


GAATAAAGTT 


GAAATTTTAA 


AAAAAAA 




3115 



(2) IXfPORMATICni FOR SBQ ID NO: 2: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 59 I amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: protein 

(Xi) SE3QUENCB DESCRIPTION: SEQ ID NO: 2: 

Val Ala Leu Gin lie Ala Pro Pro Cys Thr Ser Glu Lys His Tyx Glu 
1 5 -10 15 

Hie Leu Oly Arg Cys Cys Asn Lys Cys Glu Pro Gly Lya Tyr Hat Ser 
20 25 30 

Ser Lys Cys- Thr Thr Thr Ser Asp Ser Val Cya Leu Pro Cys Oly Pro 
35 40 45 

Asp Olu Tyr Leu Asp Ser Trp Asn Glu Glu Asp Lys Cys Leu Leu His 
50 55 60 
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Lys V«X cys Aap Thr Gly Lys Ala Leu Val Ala Val Val Ala Cly Asn 
''O 75 80 

Ser Thr Thr Pro Arg Arg Cys Ala Cys Thr Ala Oly Tyr His Trp Sex* 
85 90 95 

Gin Asp Cys Glu Cys Cys Arg Arg Asn Thr Glu Cys Ala Pro Gly Leu 

105 

Oly Ala Oln His Pro Leu Gin Leu Asn Lys Asp Thr Val Cys Lys Pro 

120 

Cys Leu Ala Gly TVr Phe Ser Asp Ala Phe Ser Ser Thr Asp Lys Cys 
135 

Arg Pro Tip Thr Asn cys Thr Phe Leu Oly Lys Arg Val Glu His His 
^50 155 

Oly Thr Glu Lys Ser Asp Ala Val Cys Ser Ser Ser Leu Pro Ala Arg 

170 175 

Lys Pro Pro Asn Glu Pro Bis Val Vyt Leu Pro Gly Leu He He Leu 

185 190 

Leu Leu Phe Ala Ser Val Ala Leu Val Ala Ala lie He Phe Oly Val 
195 200 205 

Cys Tyr Arg Lys Lys Oly Lys Ala Leu Thr Ala Asn Leu Trp His Trp 
215 220 

lie Asn Glu Ala Cys Gly Arg Leu Ser Gly Asp Lys Glu Ser Ser Gly 
230 235 240 

Asp Ser cys Val Ser Thr His Thr Ala Asn Phe Gly Gin Cln Oly Ala 
245 250 255 

Cys Glu Gly Val Leu Leu Leu Thr Leu Glu Glu Lys Thr Phe Pro Glu 
260 265 270 

Asp Met cys Tyr Pro Asp Oln Oly Oly Val Cys Gin Gly Thr Cys Val 
275 280 285 

Gly Gly Gly Pro Tyr Ala Cln Gly Glu Asp Ala Arg Met Leu Sex Leu 
2»0 295 300 

Val ser Lys Thr Glu lie Glu Glu Asp Ser Phe Arg Cln Met Pro Thr 

315 320 

Glu Asp Glu Tyr Met Asp Arg Pro Ser Gin Pro Thr Asp oln Leu Leu 
325 330 335 

Phe Leu Thr Glu Pro Gly Ser Lys Ser Thr Pro Pro Phe Ser Glu Pro 

Leu Glu Val Gly Glu Asn Asp Ser Leu Ser Gin Cys Phe Thr Gly Thr 
355 360 365 

Oln ser Thr Val Gly Ser Olu Ser Cys Asn Cys Thr Glu Pro Leu Cys 
375 360 
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Arg Thr Asp Trp Thr .Pro Met Ser Ser Glu Asn Tyr Leu Oln Lys Glu 
390 395 ' 

Val Asp Ser Oly His Cys Pro His Trp Ala Ala Ser Pro Ser p^o Asn 

410 415 

Trp Ala Asp Val Cys Thr Oly Cys Arg Asn Pro Pro Gly Glu Asd Cvs 

425 430 

Glu Pro Leu Val Gly Ser Pro Lys Arg Gly Pro Leu Pro Gin Cys Ala 

440 445 

Tyr Gly Met Gly Leu Pro Pro Glu Olu Glu Ala Ser Arg Thr Glu Ala 
455 450 

Arg Asp Gin Pro Glu Asp Gly Ala Asp Gly Arg Leu Pro Ser Ser Ala 

475 480 

Arg Ala Gly Ala Gly Ser Gly Ser Ser Pro Oly Gly cin Ser Pro Ala 
485 490 495 

Ser Oly Asn Val Thr Qly Asn Ser Asn Ser Thr Phe He Ser Ser Gly 
500 SOS 510 ' 

Gin Val Met Asn Phe Lys Oly Asp He He val Val Tyr Val Ser Gin 
515 520 525 

Thr Ser Oln Glu Gly Ala Ala Ala Ala Ala Olu Pro Met Gly Arg Pro 
535 5^Q 

Val Gin Glu Glu Thr Leu Ala Arg Arg Asp Ser Phe Ala Oly Asn Gly 
550 555 

Pro Arg Phe Pro Asp Pro Cys Gly Gly Pro Glu Gly Leu Arg Glu Pro 
565 570 575 

Glu Lys Ala Ser Arg Pro Val Gin Glu Gin Gly Oly Ala Lys Ala 
580 585 590 

(2) INFORMATION FOR SBQ ID NOO: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LETxaTH: 1391 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSSt single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 

(iii) HYPCTHEriCAL.- NO 

(iv) ANTI-SENSE: MO 

(vi) ORIGINAL SOURCE t 

<A| ORGANISMi HOMO SAPIENS 

<vii) ZMHSDZATB SOORCB: 

<A) LIBRARY: BOHE-MARROW DERIVED DENDRITIC CELLS 
(B) CLONE: 9D-15C 
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iix) PEATORE: 

(A) NAMB/K£Y: CDS 

<B) tiOCATZON: 39.. 1391 



<xl) SBQUENCE DBSCRIFTZON: SEQ ID NO: 3: 

CCGCTQAGGC CGCGGCGCCC GCCAGCCTOT CCCOCOCC ATO OCC CCG CGC GCC 53 

Met Ala Pro Arg Ala 
1 5 

CGO COG CO: CGC CCG CTG TTC GCG CTG era CTG CTC to: GCQ CTC C^ 101 
Arg Arg Arg Arg Pro Leu Phe Ala Uu Leu Leu Leu Cys Ala Leu Leu 
10 15 20 

®^ ™5 ^""^ OCT CCT CCA OCT ACC ACT GAG 149 
Ala Arg Leu Gin Val Ala Leu Gin He Ala Pro Pro Cys Thr Ser Qlu 
25 30 35 

AAG CAT TAT GAG CAT CTG GQA CGO TOC TGT AAC AAA TCT GAA CCA GGA 197 
Lys HXG Tyr Glu Kis Leu Gly Arg Cys Cys Asn Lys Cys Glu Pro Gly 

45. 50 

AAC TAC ATG TCT TCT AAA TGC ACT ACT ACC TCT GAC AOT GTA TCT CTC 245 
Lys TVr Met Ser Ser Lys Cys Thr Thr Ihr Ser Asp Ser Val Cys Leu 
55 60 65 

CCC TGT GGC CCG GAT GAA TAC TTC CAT ACC TGO AAT OAA GAA GAT AAA 293 
Pro cys Gly Pro Asp Qlu Tyr Leu Asp Ser T«p Asn Glu Glu Asp Lys 
^0 75 eo 85 

TGC TTC CTC CAT AAA GTT TGT GAT ACA GGC AAG GCC CTC CTC GCC GTC 341 
Cys Leu Leu His Lys Vol Cys Asp Thr Gly Lys Ala Leu Val Ala Val 
50 95 100 

W go: GGC AAC AGC ACG ACC CCC CGG CGC TGC GOG TGC AC^ 389 
Val Ala Gly Asn Ser Thr Thr Pro Arg Arg Cys Ala Cys Thr Ala Gly 
105 110 115 

TAC CAC TOO AGC CAG GAC TGC GAG TOC TGC CGC CGC AAC ACC GAG TGC 437 
Tyr His Trp Ser Gin Asp Cys Glu Cys Cys Arg Arg Asn Thr Qlu Cys 
120 125 130 

CCG CCG GGC CTC GCC GCC CAG CAC CCG TTC CAG CTC AAC AAG GAC ACA 465 
Ala Pro Gly Leu Gly Ala Gin His Pro Leu Gin Ueu Asn Lys Asp Thr 
135 140 145 

C?rG TGC AAA CCT TGC CTT GCA GGC TAC TTC TCT GAT GCC TTT TCC TCC 533 
Val cys Lys Pro Cys Leu Ala Gly Tyr Phe Ser Asp Ala Phe Ser Ser 
150 155 

ATC GAC AAA TQC AGA CCC TGG ACC AAC TCT ACC TTC CTT GGA AAG AGA 581 
thr Asp Lys Cya Arg Pro Trp Thr Asn Cys Thr Phe Leu Gly Lys Arg 
"0 175 180 

GTA GAA CAT CAT GGG ACA GAG AAA TCC GAT GCG GTT TGC ACT TCT TCT 629 
Val Glu Bxs His Gly Thr Glu Lys Ser Asp Ala Val Cys Ser Ser Ser 
105 190 195 
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^^^^^'^^<^<^'^mTACmcCCQC^ 677 
ni* ^ Val Tyr L«u Pro Oly 

200 205 210 

ITA ATA ATT CTG CTT CTC TTC <K» TCT W ,25 
Leu lU lie I^u Leu Leu Phe Ala Ser Val Ala Leu Val Ala Ala lie 
215 220 225 

Ue Phe Gly Val Cys Tyr hrg Lys Lys Cly Lye Ala Leu Thr Ala Asn 
"0 235 240 245 

^ IS S?*^ iT^ ^ ^ ACT GGA GAT AAO 821 

Leu Trp His Trp lie Aan Glu Ala Cys Gly Arg Leu Ser Oly Asp Lys 
250 255 260 

GAO TO TCA GOT <»C AOT TGT GTC ACT ACA CAC JM» GCA AAC m 869 
Glu Ser Ser Oly Asp Ser Cys Val Ser Thr His Thr Ala Asn Phe Oly 

270 275 

S?® S?* ^ ^ ^ CTC CTO GAG GAG AAG 917 

Gin Cln Gly Ala Cys Glu Gly Val Leu Leu Leu Thr Leu Glu Glu lys 
280 285 290 

ACA TTT CCA GAA GAT ATO TGC TAC CCA GAT CAA GGT GOT GTC TGT CAG 965 
Thr Phe Pro Glu Asp Met cys Tyr Pro Asp Gin Gly Gly Val cya Gin 
300 305 

GGC ACG TOT GTA C3GA GGT GOT CCC TAC GCA CAA GGC GAA GAT GCC AGG 013 
Gly Thr cys Val Oly Gly Oly Pro Tyr Ala Gin Cly Glu Asp Ala Ar^ 

■^^^ 315 320 325 

ATG CTC TCA TTC GTC AGC AAG ACC GAG ATA GAG GAA GAC AGC TTC AGA 061 
Met Leu Ser Leu Val Ser Lys Thr Glu lie Glu Glu Asp Ser Phe Arg 
330 335 

CAG ATG CCC ACA GAA CAT GAA TAC ATO GAC AGG CCC TCC CAQ CCC ACA 109 
Gin Met Pro Thr Glu Asp Glu Tyr Met Asp Arg Pro Ser Gin Pro Thr 
345 350 355 

GACCAGTTACTOTTCCTCACTGAGCCTCGAAGCAAATCCACACCTOCT 157 
Asp Gin Leu Leu Phe Leu Thr Olu Pro Oly Ser l^s Ser Thr Pro Pro 
360 365 370 

TO TCT GAA CCC CTG GAG GTO GGO GAG AAT GAC ACT TTA AGC CAG 0^ 205 
Phe ser Glu Pro Leu Olu Val Gly Glu Asn Asp Ser Leu Ser Gin Cys 
3'5 380 385 

253 

Phe Thr Gly Thr Gin Ser Thr Val Oly Ser Olu Ser Cya Asn Cys Thr 
395 400 405 

GAG CCC CTO TCC AGO ACT GAT TOO ACT CCC ATG TCC TCT CAA AAC TAC 301 
Glu Pro Leu Cys Arg Thr Asp Trp Thr Pro Nee Ser Ser Glu Asn Tyr 
^10 415 420 

TTO CAA AAA GAG GTG GAC ACT GGC CAT TGC COG CAC TCG GCA OCC AGC 349 
Leu Gin Lys Glu Val Asp Ser Oly His Cys Pro His Trp Ala Ala Ser 
425 430 435 
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^ S« So r° '^'^ ^ «^ 391 

lit ^ ^ Oly Cys Arg Asn 

<2) INFORMATION FOR SBQ ID W:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A> LQIGTH: 451 anino acids 
(B) OTPEt amino acid 
(D) TOPOLOGY; linear 

Hi) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SBQ ID N0:4: 

Met Ala Pro Arg Ala Arg Arg Arg Arg Pro Leu Phe Ala Leu Leu Leu 
^ XO 15 

Leu Cys Ala Leu Leu Ala Arg Leu Gin Val Ala Leu Gin He Ala Pro 

25 30 

Pro Cys Thr Ser Olu Lys Hie Tyx Glu His Leu Gly Arg Cys Cys Aan 

40 45 

tys cys Glu Pro Gly Lys Tyr Met Ser Ser Lys Cys Thr Thr Tlir Ser 
50 55 60 

Asp Ser val cys Leu Pro Cys Gly Pro Asp Glu Tyr Leu Asp Ser Trp 
70 75 80 

Asn Glu Glu Asp Lys Cys Leu Leu His Lys Val Cys Asp Thr Gly Lys 
B5 90 95 

Ala Leu Val Ala Val Val Ala Gly Asn Ser Thr Thr Pro Arg Arg Cys 
"0 105 110 

Ala cys Thr Ala Gly Tyz His Trp Ser Gin Asp Cys Glu Cys Cys Arg 
115 120 125 

Arg Asa Thr Glu Cys Ala Pro Gly Leu Gly Ala Gin His Pro Leu Gin 
135 140 

Lou Asn Lys Asp Thr Val Cys Lys Pro Cys Leu Ala Gly Tyr Phe Ser 
150 155 

Asp Ala Phe Ser Ser Thr Asp Lys cys Arg Pro Trp Thr Asn Cys Thr 
165 170 

Phe Leu Gly Lys Arg Val Glu His His Gly Thr Glu Lys Ser Asp Ala 
ISO 185 190 

Val cys Ser Ser Ser Leu Pro AU Arg Lys Pro Pro Asn Glu Pro His 

200 205 

val Tyr Leu Pro Gly Leu He He Leu Leu Leu Phe Ala Ser Val Ala 
"0 215 220 

Val Ala Ala He He Phe Gly Val Cys Tyr Arg Lys Lys Gly Lys 
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AI. L.U Thr Ma A» U.U Txp His Ti, „. ^ ciu M. Cy, Cly Arg 
L« Oly ASP ty. <,x„ s,r Ber Gly A.p Ser Cy. V.l Sor T^r Hi. 



270 



Tbr Al. A.„ Phe Gly «„ ol„ Oly Ai. Cy. Glu Gly Val Leu Leu Leu 

280 285 

Thr Leu Olu Glu Ly. p^e Pro Glu Asp Hoc Py. ,Vr Pro A.p ol„ 

300 

Cly Gly V.1 cy. Gl„ Gly «.r Cy, Val Cly Oly dy p,o ,yr Ala Gl„ 

Gly Glu A.P Ala Arg Het Leu S.r Leu Val Ser Ly. Thr Olu II, Glu 

* 330 
Glu A.P ser Ph. Arg Gl„ Het Pro Thr Glu a^ gIu TVr «ec A.p at. 

Pro Ser Gto Pro Thr Aap Cl„ Leu .Leu Phe Leu Thr Glu Pro Gly Ser 

Lys ser Thr Pro Pro Phe Ser Glu Pro Leu Olu Val Gly Olu A.„ A.p 

ser Leu Ser 01„ Cy. ^e «.r Oly «,r Oln Ser Thr Val Gly Ser Glu 

^QQ 

S« cy. *s„ cys ^r Glu Pro Leu Cys Arg T^ A.p Trp «.r Pro «et 

"0 415 
ser ser Glu A,„ Tyr Leu Oln Ly, oiu Val A.p ser Gly HI. Cy. Pro 

«5 439 

Hi, Trp Ala Ala ser Pro Ser Pro Asn Trp Ala Aep Val Cy. Thr Gly 

440 

Cys Arg Asn 
450 



<2) INFORMATION FOR SBQ ID |IO:S: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENCmi: 3136 base p^irs 

(B) TYPE: nucleic acia 
<CJ STRANDBDWESS; single 
(D) TOPOLOOY: linear 

(ii) MOl«Ut,B TYPE: cDNA 

(iii) HyPOTHBTICAL: HO 

(iv) ANTI-SENSS: »0 

(Vi) ORIOZNAL SOURCE: 

(A) OROANXSH: UOHO SAPIQ2S 

(vii) IKHBDIATB SOIKRCB: 
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(bI c2Sf ^°^^veo dendritic cells 

IB) CUttlE: POLL LENGTH RANK 

(ix) raiTURE: 

(A) NAME/KEY: CDS 

<B) LOOVnON: 39.. 1086 



(Xi) SEQUENCE DESCRIPTION: SEQ ID KO: 



CCOCT6A06C 



COG CGG COC 
Arg Arg Arg 



GCC CGG CTG 
Ala Arg Leu 



AAG CAT TAT 
Lys His Tyr 
40 



CW5G0GCCC OCCACCCTGT CCCCCCW ATXJ GCC CCG CGC GCC 

Met Ala Pro Arg Ala 
1 5 

Arg Pro Uu Pho Ala Leu Lou Leu Leu Cya Sa Leu S 
15 20 

CAO GTC TXO CAC ATC OCT CCT CCA TCT ACC ACT GAG 
Gin Val Ala Leu Ola lie Ala Pro Pro Cye Vhr Ser Glu 

30 35 

Gja CAT CTG GGA CGG TGC TGT AAC AAA tX3T GAA CCA GGA 
Olu His Leu Gly Arg Cys Cys Asn Lys ^ ^ 
<5 SO 



COC TGT GGC COG GAT GAA 
Pro Cya Gly Pro Asp Glu 
70 75 

TGC TTG CTG CAT AAA GTT 
Cys Leu Leu His Lys Val 
90 

ore GCC OGC AAC AGO ACO 
Val Ala Gly Asn Ser Thr 
105 

TAC CAC TOG AGO CAG GAC 
Tyr His Trp Ser Gin Asp 
120 

OCC CCG GGC CTG GGC GCC 
Ala Pro Gly Leu Gly Ala 
135 



TAC TTG GAT AGO TGG AAT GAA GAA GAT AAA 
Tyr Leu Asp Ser Trp Aan Olu Glu Asp Lys 
80 85 

TGTGATACAGCCAAGGCCCTGGTGGCCGTC 
Cys Asp Thr Gly Lys Ala Leu Val Ala Val 
95 100 

ACCOCCCGGCGCTGCGCOTGCACGGCTGOG 
rhx Pro Arg Arg Cys Ala Cys Thr Ala G^ 
110 

TOCGAGtWTGCCGCCGCAACACCGAGTOC 
Cys Olu eye Cys Arg Arg Asn Thr Glu Cys 
125 

CAG CAC ceo TTG CAG CTC AAC AAO GAC ACA 
Gin His Pro Leu Gin Leu Asn Lys Asp Thr 
140 



160 

175 180 
" 190 195 



53 



101 



149 



197 



245 



293 



341 



389 



437 



485 



533 



581 



629 
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CTO CCA CCT AC» AAA CCA CCA AAT GAA CCC (y^T CTT TAC TO CCC 677 
Leu Pro Ala Arg Lyo Pro Pro Asn Glu Pro Hio Val Tyr Leu Pro Gly 
200 205 2X0 

TTA ATA ATT CTG CTT CTC TTC OCG TCT OTG CCC CTO GTO OCT OCC ATC 725 
Leu iXe He Leu Leu Leu Phe Ala Ser Val Ala Leu Vol Alo Ala He 
2X5 220 225 

ATC TTT OGC OPT TGC TAT AGO AAA AAA GGG AAA GCA CTC ACA OCT AAT 773 
na Phe Oly VaX Cys Tyr Arg Lys Lys Gly Lys Ala Leu Thr Ala kan 
235 240 245 

TTG TGG CAC TOG ATC AAT GAG OCT TGT GGC OGC CTA AGT GGA OAT AAG 821 
Leu Trp His Trp He Aan Glu Ala Cys Oly Arg Leu Ser Gly Asp Lys 
250 255 260 

GAG TCC TCA CGT 6AC AGT TGT ore AOP ACA CAC ACG GCA AAC TTT GGT 869 
Glu Ser Sex Oly Asp Ser Cys Val Ser Thr His Thr Ala Asn Phe Gly 
265 270 275 

CAG CAG GGA GCA TOT GAA GGT GTC TTA CTG CTG ACT CTC GAG GAG AAG 917 
Gin Olh Gly Ala Cys Glu Gly Val Leu Leu Leu Thr Leu Glu Glu Lvs 
280 285 290 

ACA TTT CCA GAA GAT ATG TGC TAC CCA OAT CAA GGT GGT GTC TGT CAG 965 
Thr Phe Pro Glu Asp Met Cys Tyr Pro Asp Gin Gly Gly Val Cys Gin 
295 300 3Q5 

OGC ACG TGT CTA GCA GGT GOT CCC TAC GCA CAA GOC GAA GAT GCC AGO 1013 
Gly Thr Cys Val Gly Gly Gly Pro Tyr Ala Gin Gly Glu Asp Ala Arg 
310 315 320 325 

ATC CTC TCA rPG GTC AGC AAG ACC GAG ATA GAG GAA GAC AGC TTC AGA 1061 
Met Leu Ser Leu Val Ser Lys Thr Glu He Glu Glu Asp Ser Phe Arg 
330 335 340 

CAG ATG CCC ACA GAA OAT GAA TAC ATG GAC AGG CCC TCC CAG CCC ACA 1109 
Qln Ket Pro Thr Glu Asp Glu Tyr Met Asp Arg Pro Ser Oln Pro Thr 
345 350 . 355 

GAC CAG TTA CTG TTC CTC ACT GAG CCT OGA AGC AAA TCC ACA CCT CCT 1157 
Asp Gin Leu Leu Phe Leu Thr Glu Pro Oly Ser Lys Ser Thr Pro Pro 
360 365 370 

TTC TCT GAA CCC CTO GAG GTG GGG GAG AAT GAC AGT TTA AGC CAG 7QC 1205 
Phe Ser Glu Pro Leu Glu Val oly Glu Asn Asp Ser Leu Ser Gin Cys 
375 380 385 

If° ^^'^^^ ^ AGC TGC AAC TGC ACT 1253 

Phe Thr Gly Thr Gin Ser Thr Val Gly Ser Glu Ser Cys Asn Cys Thr 
390 395 400 405 

GAG CCC CTG TGC AGG ACT GAT TGO ACT CCC ATC TCC TCT GAA AAC TAC 1301 
Olu Pro Leu Cys Arg Thr Asp Trp Thr Pro Met Ser Ser Glu Asn Tyr 
«10 415 420 

TTG CAA AAA GAG GTG GAC AGT GGC CAT TGC CCO CAC TGG GCA GCC AGC 1349 
Leu Oln Lys Glu Val Asp Ser Oly His Cys Pro His Trp Ala Ala Ser 
.*25 430 . 435 
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CCC AGC CCC AAC TGG GCA GAT GTC TGC ACA GQC TOC CGC AAC CCT CCT X397 
Pro Ser Pro Asn Trp Ala Aap Val Cys Thr Gly cys Arg Asn Pro Pro 

445 450 

GGO GAO OAC TGT GAA CCC CTC CTG GOT TCC CCA AAA CGT GCA CCC TTG 1445 
Gly GXu Asp Cys 61u Pro Leu val Gly Set Pro Lya Arg Gly Pro Ueu 
460 465 

CCC CAG TGC GCC TAT GGC ATG GOC OTP CCC CCT GAA GAA GAA GCC AGO 1493 
Pro Gin Cys Ala Tyr Gly Met Gly Leu Pro Pro GXu Olu Glu Ala Ser 
«70 475 480 485 

AGO ACG GAG GCC AGA GAC CAG CCC GAG GAT GOG OCT GAT 0G6 AGG CIC 1541 
Arg Thr Glu Ala Arg Asp Gin Pro Glu Asp Gly Ala Asp Gly Arg Leu 
490 495 500 

CCAAGCTCAGCGACQGCAGOTGCCOGGTCTGGAAOCTCCCCTGGTGGC 1589 
Pro Ser Ser Ala Arg Ala Gly Ala Gly Ser Gly Ser Ser Pro Gly Gly 
505 510 515 

CAG TCC CCT GCA TCT GGA AAT GTG ACT GGA AAC AI3T AAC TCC ACG TTC 1637 
Gin Ser Pro Ala Ser Gly Asn Val Thr Gly Asn Ser Asn Ser Thr Phe 
520 525 

ATC TCC AGC OGG CAG GTG ATG AAC TTC AAG GGC GAC ATC ATC GTO GTC 1685 
He Sor Ser Gly Gin Val Met Asn Phe Lys Gly Asp He He Val Val 
535 540 545 

TAC GTC AGC CAG ACC TCG CAG GAO GGC CCG GOG GCG OCT GCG GAG CCC 1733 
Tyr Val Ser Gin Thr Ser Gin Glu Gly Ala Ala Ala Ala Ala Olu Pro 
550 555 560 565 

ATG GGC CGC CCG GTG CAG GAO GAG ACC CT8 000 CCC CGA GAC TCC TTC 1781 
Mec Gly Arg Pro Val Glo Glu Glu Thr Leu Ala Arg Arg Asp Ser Phe 
570 575 580 

GCG 000 AAC GCC CCG CGC TTC CCG GAC CCG TGC GGC GGC CCC GAG GOG 1839 
Ala Gly AsD Gly Pro Arg Phe Pro Asp Pro Cys Gly Gly Pro Glu Gly 
585 590 595 

CTG CGG GAG COG GAG AAG GCC TCG AGO CCG GTO CAG GAG CAA CGC GOG 1877 
Leu Arg Glu Pro Glu Lys Ala Ser Arg Pro Val Gin Glu Gin Gly Gly 
600 605 610 

GCC AAG GOT TGAGCGCCCC CCATGOCTGG GAGCCCGAA6 CTOOOAOCCA 1936 
Ala Lys Ala 
615 

GOGCTCGCGA OGOCAGCACC 0CAGCCTCT6 CCCCAGCCCC OGCCACCCAG GGATCGATCG 1986 
GTACAGTCQA GGAAGACCAC CCGGCATTCT CTGCCCACTT TGCCTTCCAO GAAATGGGCT 2046 
TTTCAGGAAG TGAATTGATG AGGACTGTCC CCATGCCCAC GGATGCTCAG CAGCCCGCCO 2106 
CACTOGGOCA GATGTCTCCC CTGCCACTCC TCAAACTOQC AGCAGTAATT TCTGGCACTA 3166 
TGACAOCTAT TTTTATGACT ATCCTGTTCT GTOOOGOOOG GGTCTATCTT TTCCCCCCAT 2336 
ATTTGTATTC CITITCATAA CTTTTCTTGA TATCTTTCCT CCCTCTTTTT TAATOTAAAO 2286 
OTTTTCTCAA AAATTCTCCT AAAGGTQAOG GTCTCn - lV r T nCIVlTlT CCT Tr m T l ' 2346 
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TrCTTTTTTT GGCAACCTGG CTCTGGCCCA GGCTAiGAGTC CAfiTOGTGCG ATTATAOCCC 3406 
GCTCCAOCCT CTAACTCCTO GGCTCAAQCA ATCCAAGTGA TCCTOCCACC TCAACCTTCG 3466 
GAGTAGCTGG GATCACAGCT GCAGOCCA06 CCCAGCTTCC TCCCCCCGAC TCOCCCCCCC 2526 
CAGAGACACa GTCCCACCAT GTTACCCACC CTGGTCTCAA ACTCCCCAGC TAAAGCAGTC 2586 
CTCCA6CCTC GGCCTCCXrAA AGTACTGGGA TTACAGGCGT GAGCCCCCAC GCTGGCCTGC 2646 
TTTAOGTATT TTCTTTTGTG CCCCTGCtCA CAGTCTTTTA GAQATGQCTT TCCCAGTGTG 2706 
TGTTCATTOP AAACACTTTT G06AAAG0GC TAAACATOTG AGOCCTOQAG ATAOTTOCTA 2766 
AOTTGCTAOO AACATGTGGT aXSACTTTCA TATTCTQAAA AATGTTCTAT ATTCTCATTT 2826 
TTCTAAAAGA AAGAAAAAAG GAAACCCGAT TTATTTCTCC TGAATCTTTT TAAGTTTGTO 2886 
TCGTTCCTTA AOCACAACTA ACCTCACTAT GTGACCTTAC CCGCTAGOTC CTTAATTTAT 2946 
CCATGCTO5C AGAGOCACTC AGGTACTTGO TAAGCAAATT TCTAAAACTC CAAGTTGCTG 30 06 
CAGCTTGGCA TTCTTCTTAT TCTAGAGGTC TCTCTGGAAA AGATGGAGAA AATGAACAGG 3066 
ACATGGOGCT CCT6GAAAGA AAQGGCCCGG GAAGTTCAAG GAAGAATAAA GTTGAAATTr 3126 
TAAAAAAAAA 3136 

(2) INFORKATION FOR SBQ ID NO: 6: 

(i) SE0UENC5 CHARACTERISTICS: 

(A) LENGTH: 616 amino acids 
(D) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; protein 

ixi) SEQUBTCE DESCRIPTION: SEQ ID NO: 6: 

Met Ala Pro Arg Ala Arg Arg Arg Arg Pro Leu Phe Ala Leu Leu Leu 
15 10 IS 

Leu Cys Ala Leu Leu Ala Arg Leu Gin Val Ala Leu Gin He Ala Pro 

20 25 30 

Pro Cys Thr Ser Glu Lys His Tyr Glu His Leu Gly Arg Cys Cys Asn 
35 40 45 

Lys Cys Glu Pro Gly Lys Tyr Met Ser Ser Lys Cys Thr Thx Thr Ser 
50 55 60 

Asp Ser Val Cys Leu Pro Cys Gly Pro Asp Glu Tyr Leu Asp Ser Trp 
65 70 75 80 

Asn Glu Glu Asp Lys Cys Leu Leu His Lys Val Cys Asp Thr Gly Lys 
85 90 95 

Ala Leu Val Ala Val Val Ala Gly Asn Ser Thr Thr Pro Arg Arg Cys 
100 105 130 
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Ala Cyo Thr Ala 61y Tyr His Trp Ser Gin Asp Cys ©lu Cvb Cys Aro 
115 120 125 

Arg Asn Thr Glu Cys Ala Pro Gly Leu Gly Ala Gin His Pro Leu Gin 
130 135 140 

Leu Asn Lys Asp Thr Val Cys Lys Pro Cys Leu Ala Gly Tyr Phe Ser 
150 155 160 

Asp Ala Phe Ser Ser Thr Asp Lys Cys Arg Pro Trp Thr Asn Cys Thr 
IfiS 170 

Phe Leu Gly Lys Arg Val Glu His His Gly Thr Glu Lys Ser Asp Ala 
180 185 190 ' 

Val Cys Ser Ser Ser Leu Pro Ala Arg Lys Pro Pro Asn Glu Pro His 
195 2O0 205 

Val Tyr Leu Pro Gly Leu He He Leu Leu Leu Phe Ala Ser Val Ala 
210 215 220 

Leu Val Ala Ala He He Phe Gly Val Cys Tyr Arg Lys Lys Gly Lys 
225 230 235 240 

Ala Leu Thr Ala Asn Leu Trp His Trp He Asn Glu Ala Cys Gly Aro 
245 250 255 

Leu Ser Gly Asp Lys Glu Ser Ser Gly Asp Ser Cys Val Ser Thr His 
260 265 270 

Thr Ala Asn Phe Gly Gin Gin Gly Ala Cys Glu Gly Val Leu Leu Leu 
275 280 285 

Thr Leu Glu Glu Lys Tax Phe Pro Glu Asp Met Cys Tyr Pro Asp Gin 
230 295 300 

Gly Gly Val Cys Gin Gly Thr Cys Val Gly Gly Gly Pro Tyr Ala Gin 
310 315 320 

Gly Glu Asp Ala Afg Met Leu Ser Leu Val Ser Lys Thr Glu He Glu 
325 330 335 

Glu Asp Ser Phe Arg Gin Met Pro Thr Glu Asp Glu Tyr Met Asp Arg 
340 345 

Pro Ser Gin Pro Thr Asp Gin Leu Leu Phe Leu Thr Glu Pro Gly Ser 
355 360 365 

Lys Ser Thr Pro Pro Phe Ser Glu Pro Leu Glu Val Gly Glu Asn Asp 
3'0 375 

Ser Leu Ser Gin cys Phe Thr Gly Thr Gin Ser 7hx Val Gly Ser Glu 
3»5 390 395 400 

Ser cys Asn cys Thr Glu Pro Leu Cys Arg Thr Asp Trp Thr Pro Met 
405 410 415 

Ser Ser Glu Asn Tyr Leu Gin Lys Glu Val Asp Ser Gly His Cys Pro 
420 425 430 
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Hi, Trp AU AX- Ser Pro Ser Pro *»„ Trp Al» A.p V«l Cy, Thr Oly 

eye Ar« Asn Pro Pro oly oiu A.p cy Olu Pro tju ViU Oly s.r Pro 

Ly Arg Gly Pro Leu Pro Gin Cys Al. Tyr Oly Met Oly Le» Pro Pro 

Clu Olu Olu Ala Ser Ar, Thr Glu Ala Arg Aap oln Pro Olu Asp Oly 

*90 

Al. ASP Oly Arg I*u Pro Ser Ser Ala Arg AX. GXy ai, oly Ser My 

505 

ser ser Pro Gly oly Gin S«r Pro Ala Ser Gly Asn Val Thx Gly JUn 

520 525 

ser A.n ser Thr Phe He Ser Ser Gly 01» Val Net A»o Phe Lys oly 

535 54Q 

Ajp nc He val val Tyr Val Ser Gin Thr Ser Cln Clu Gly Ala Ala 

555 550 

Ala Ala Ala Glu Pro Hec Gly Arg Pro Val Gin Clu GXu Tta Leu Ala 

570 575 

Arg Arg ASP Ser Phe Ala Oly Asn Gly Pro Arg Fhe Pro Asp Pro cya 



590 



Gly Gly Pro Glu Gly Leu Arg Glu Pro Glu Ly. Ala Ser Arg Pro Val 

600 605 

Gin Glu Gin Gly Gly Alo Lye Ala 
610 615 

{2} IHFORMATION FOR SBQ ID NOs7; 

ii) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 8 amino acids 

(B) TYPBt aaino acid 

tC) STRANDBDNESS: not relevant 
(D) TOPOLOGY: linear 

(ii) HOLECULE T£?B: peptide 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: FLA09 peptide 

Cxi) SEQUENCE DESCRIPTION: SEQ 10 N0:7i 

Asp Tyx Lys Asp Asp Asp Asp Lys 

12) 2NF0RKATION POR SBQ ID NO:B: 

U) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 232 aaino acids 
<B) TVPE; amino acid 
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(C) STRANDECNESS: not relevant 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPBt protein 

(vi) ORIOnUVL SODRCB! 

(A) ORGANISM: Hunan 

(vii) ZMMEDZATB SOURCE: 

(B) CX£mt IgGl Pc iQutein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
Glu Pro Arg Ser Cys Asp Lys Thr Bis Thr Cys Pro Pro Cys Pro Ala 

Pro Glu Ala Glu Gly Ala Pro Ser Val Phe Leu Phe Pro Pro Lys Pro 
2» 25 30 

Lys Asp Thr Leu Met He Ser Arg Thr Pro Glu Val Tbr Cys Val Val 
35 40 45 

Val Asp Val Ser His Glu Aap Pro Clu Val Lys Phe Asn Trp Tyr Val 
55 50 

ASP Gly val Glu Val His Asn Ala Lys Thr Lys Pro Arg Olu Qlu Gin 
" 75 SO 

Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Tbr Val Leu His Gin 
95 90 95 

Asp Trp Leu Asn Gly Lys Asp Tyr Lys Cys Lys Val Ser Asn Lys Ala 
100 105 110 

Leu Pro Ala Pro Met Oln Lys Thr lie Ser Lys Ala Lys Gly Gin Pro 
115 120 125 

Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr 

Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Arg 
"0 155 160 

His He Ala Val Glu Trp Glu Ser Asn Gly cin Pro Olu Asn Asn Tyr 
1« 170 175 

Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu T/r 

185 190 

Ser Lys Leu Thr Val Asp Lys Ser Arg Tip Gin Gin Gly Asn Val Phe 
135 200 205 

Ser cys Ser Val Met His Glu Ala Leu His Asn Bis lyr Thr Gin Lys 
315 220 

Ser Leu Ser Leu Ser Pro Gly Lys 
225 230 
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(2) INFORMATION FOR SEQ ID NO: 9: 

(I) SEOOQJCB CHARACTERISTICS: 
<A) LENGTH: 31 euoino adds 

(B) TYPE: amino acid 

(C) 5TRANDEDNESS: not relevant 
<0) TOPOLOGY: linear 

(ii) KOIiECULB TYPE: peptide 

(iii) HYPOTHETICAL: NO 

Uv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: CKV (R2780 Leader) 

(ix) FEATURE: 

(D) OTHER INFORMATION: Hetl-Arg28 is the actual leader 
peptide; Arg29 strengthens the furin cleavage site; 
nucleotides encoding Thr30 and Ser31 add a Spel site. 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Met Ala Arg Arg Leu Trp lie Leu Ser Leu Leu Ala Val Tka Leu Thr 
1 5 10 15 

Val Ala Leu Ala Ala Pro Ser Gin Lys Ser Lys Arg Arg Thr Ser 
20 25 30 



(2) INFORMATION FOR SEQ 10 NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1630 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) NYPOTHBTICAL; MO 

(iv) AMTl-SENSB: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Mus musculus 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: 

(B) CLONE: RANXL 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 3.. 884 



(xi) SEQUENCE DESCRIPTION: SBQ ID NOtlO: 
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CC CGC cm: CCA CAC GAG GOT CX:G CTQ CAC CCC «X3 CCn» TOT GCA CCC 47 
Gly Val Pro HLs Clu Gly Pro Leu His Pro Ala Pro Ser Ala Pro 
1 5 10 IS 

OCT CCG GCO CCG CCA CCC CCC GCC TCC CGC TCC ATG TTC CTG GCC CTC 95 
Ala Pro Ala Pro Pro Pro Ala Ala Ser Arg Ser Met Phe Leu Ala Leu 
20 25 30 

CTOGGGCTCGGACTCGGCCAOGTGCTCTarAGCATCGCTCTOTTCCTG 143 
Leu Gly Leu Gly Leu Oly Gin Val Val Cys Ser He Ala Leu Phe Leu 
3^ 40 45 

TAC TTT CGA GCG CAQ ATC GAT CCT AAC AGA ATA TCA GAA OAC A6C ACT 191 
Tyr Phe Arg Ala Gin Net Asp Pro Asn Arg He Ser Qlu Asp Ser Thr 
50 55 60 

CAC TGC TTT TAT AGA ATC CTO AGA CTC CAT OAA AAC GCA GAT TTC CAG 239 
His Cys Phe Tyr Arg He Leu Arg Leu His Glu Asn Ala Asp Leu Gin 
*5 70 75 

GAC TCG ACT CTG GAG AGT GAA GAC ACA CTA CCT GAC TCC TCC AGG AGG 287 
Asp Ser Thr Leu Glu Ser Clu Asp Thr Leu Pro Asp Scr Cys Arg Arg 
8° 85 90 95 

ATG AAA CAA GCC TTP CAG GOG QCC GTG CAG AAC GAA CTO CAA CAC ATT 335 
Met Lys Gin Ala Phe Olo Gly Ala Val Gin Lys Glu Leu Oln His He 
100 1Q5 

CTG GGQ CCA CAG CQC TTC TCA GGA CCT CCA OCT ATG ATG GAA GGC TCA 3B3 
Val Gly Pro Oln Arg Phe Ser Gly Ala Pro Ala Hot Met Glu Oly Ser 
115 120 125 

TGG TTG GAT GTG GCC CAG CGA GCC AAG CCT GAG GCC CAG CCA rrr GCA 431 
Trp Leu Asp Val Ala Gin Arg Gly Lys Pro Glu Ala Oln Pro Phe Ala 
130 135 140* 

CAC CTC ACC ATC AAT CCT GCC AGC ATC CCA TCO GOT TCC CAT AAA ore 479 
His Leu Thr He Asn Ala Ala Ser He Pro Ser Gly Ser His Lys Val 
1*5 150 155 

ACT CTG TCC TCT TGG TAC CAC GAT CGA GGC TGG GCC AAG ATC TCT AAC 527 
Thr Leu Ser Ser Trp Tyr His Asp Arg Gly Trp Ala Lys He Ser Asn 
"0 165 X70 175 

ATG ACG TTA AGC AAC GGA AAA CTA AGO OTP AAC CAA GAT GGC TTC TAT 575 
Met Thr Leu Ser Asn Gly Lys Leu Arg Val Asn Gin Asp Gly Phe Tyr 
180 185 190 

TAC CTO TAC GCC AAC ATT TCC TTT coo CAT CAT GAA ACA TCO GGA AGC 623 
Tyr Leu Tyr Ala Asn He Cys Phe Arg His His Glu Thr Ser Oly Ser 
195 200 205 

OTA CCT ACA GAC TAT CTT CAO CTG ATG GTG TAT GTC GTT AAA ACC AGC 671 
Val Pro Thr Asp Tyr Leu Gin Leu Met Val Tyr Val Val Lys Thr Ser 
210 215 220 

ATC AAA ATC CCA AGT TCT CAT AAC CTG ATO AAA GGA GGG AGC ACQ AAA 719 
He Lys He Pro Ser Ser His Asn Leu Met Lys Gly Oly Ser Thr Lys 
225 230 235 
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AAC TCG TOG GGC AAT TCT GAA TTC CAC TtT TAT TCC ATA AAT GTT GGG 767 
ksn TTp Ser Cly Asn Ser Glu Phc UU Phe Tyx Ser lie Asn Val Gly 
240 345 250 255 

GGA TTT TTC AAG CTC OCA GCT QGT GAA GAA ATT AGC ATT CA6 GTG TCC 815 
Gly Phe Phe Lys Leu fixg Ala Gly Glu Glu He Sez lie Gin Val Ser 
260 265 270 

AAC CCT TCC CTO CT6 GAT CCG GAT CAA GAT GCG ACG TAG TTT GGO GCT 863 
Asn Pro Sex Leu Leu Asp Pro Asp Gin Asp Ala Tbr Tyr Phe Gly Ala 
275 280 285 

TTC AAA GTT CAG GAC ATA GAC TGAGACTCAT TTCOTGGIIAC ATTAGCATQ6 914 
Phe Lys Val Gin Asp He Asp 



290 






ATGTOCTAGA 


TGTTT6GAAA 


CTTCTTAAAA AATOGATGAT GTCTATACAT GTGTAAGACT 


974 


ACTAAGAGAC 


ATQOCCCACG 


GTOTATGAAA CTCACAOCCC TCTCTCTTGA GCCTGTACAG 


1034 


GTTOTGTATA 


TOTAAAGTCC 


ATAGOTGATG TTAGATTCAT GGTGATTACA CAACOGTTTT 


1094 


ACAATTTTOT 


AATGATTTCC 


TAGAAITGAA CCAGAITGGG AGAOGTATTC CGATGCTTAT 


1154 


GAAAAACTTA 


CACGTGAGCT 


ATCGAAGGGG GTCACAGTCT CTGQOTCTAA CCCCTOGACA 


1214 


TGTGCCACTG 


AGAACCTPGA 


AATTAAOAGO ATGCCATGTC ATTGCAAAGA AATC5ATAGTG 


X274 


TGAAGGGTTA 


AG-ITCTTTTG 


AATTGTTACA TTOCGCTGGG ACCTCXIAAAT AAGTTCTTTT 


1334 


TTTCTAATQA 


OGAGAGAAAA 


ATATATGTAT TTTTATATAA TGTCTAAAGT TATATTTCAG 


1394 


GTGTAATGTT 


TTCTGTGCAA 


AGTTTTGTAA ATTATATTTG TGCTATAOTA TTTGATTCAA 


1454 


AATATTTAAA 


AAT6TCTCAC 


TGTT6ACATA TTTAATGTTT TAAATGTACA GATGrATTTA 


1514 


ACTGGTOCAC 


TTTQTAATTC 


CCCTGAAGGT ACTCGTAGCT AAGGGGOCAG AATACTGTTT 


1574 


CTGGTGAOCA 


CATGTAOTTT 


ATTTCTTTAT TCTTTTTAAC TTAATAGAGT CTTCAG 


1630 



C2) INFORMATION FOR SEQ ID K0:11: 

fi) SEQUENCE CHABACTEIUSTXCS: 

(A) LENGTH: 294 nxaino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLBCOLB TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEO ID NO:llx 

Gly Val Pro His Glu Gly Pro Leu His Pro Ala Pro Ser Ala Pro Ala 
IS 10 15 

Pro Ala Pro Pro Pro Ala Ala Ser Arg Ser Uet Phe Leu Ala Leu Leu 
20 25 30 

Gly Leu Gly Leu Gly Gin Val Val Cys Sor lie Ala Leu Phe Leu Tyr 
35 40 45 
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Phe Arg Ala Gin Met Asp Pro Asn Arg He Ser Glu Asp Ser Thr His 
50 55 60 

Cys Pho Tyr Arg ilo Leu Arg Leu His Glu Asa Ala Asp Leu Gin Asp 
65 70 75 BO 

Ser Thr Leu Glu Ser Glu Asp Thr Leu Pro Asp Ser Cys Arg Arg Met 
85 90 SS 

Lys Gin Ala Phe Gin Gly Ala Val Gin Lys Glu Leu Gin His lie Val 
100 105 110 

Gly Pro Gin Arg Phe Ser Gly Ala Pro Ala Met Met Glu Gly Ser Trp 
lis 120 125 

Leu Asp Val Ala Gin Arg Gly Lys Pro Glu Ala Gin Pro Phe Ala His 
130 US 140 

Leu Thr He Asn Ala Ala Ser He Pro Ser Gly Ser His Lys Val Thr 
145 150 155 160 

Leu Ser Ser Trp Tyr His Asp Arg Oly Trp Ala Lys He Ser Asn Met 
165 170 175 

Thr Uu Ser Asn Gly Lys Leu Arg Val Asn Oln Asp Gly Phe Tyr Tyr 
180 IBS 190 

Leu Tyr Ala Asn He Cys Phe Arg His His Glu Thr Ser Gly Ser Val 
195 200 305 

Pro Thr Asp Tyr Leu Gin Leu Met Val Tyr Val V«l Lys Thr Ser He 
210 215 220 

Lys lie Pro Ser Ser His Asn Leu Met Lys Gly Gly Ser Thr Lys Asn 
225 230 235 240 

Trp Ser Oly Asn Ser Glu Phe Bis Phe Tyr Ser He Asn Val Gly Gly 
245 250 255 

Phe Phe Lys Leu Arg Ala Gly Glu Glu He Ser He Gin Val Ser Asn 
260 255 270 

Pro Ser Leu Leu Asp Pro Asp Gin Asp Ala Thr Tyr Phe Gly Ala Phe 
275 280 285 

Lys Val Gin Asp He Asp 
290 



(2) INFORMATION PGR SEQ ID NO: 12: 

<i) SEQUENCE CHARACTERISTICS: 

<A> LENGTH: 954 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL* NO 
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(Iv) AMTI-SENSB: HO 

(vi) ORZGSUUi SOURCE: 

(A) ORGANISM: Homo sapiens 

<vil) IMMEDIATE SOURCE; 

(A) LIBRARY: 

(B) CLONE: huRANRL (full length) 

(ix) FEATURE: 

(A) NAME/XEV: CDS 

(B) LOCATION: 1..951 



(xi) SBQUENCB DESCRIPTION: SEQ ID NO: 12: 

ATC OGC CGC GCC AGC AQA QAC TAC ACC AAG TAC CTC CCT GGC TCG GAG 4B 
Hot Arg Arg Ala Ser Arg Asp Tyr Thr Lys Tyr Leu Arg Oly Ser Glu 
15 10 15 

GAG ATC GGC GGC GGC CCC OGA GCC CCG CAC GAG GGC CCC CTO CAC GCC 96 
Glu Mec Cly Gly Oly Pro Gly Ala Pro His Qlu Gly Pro Leu His Ala 
20 2S 30 

CCO CCG CCO OCT GCQ CCO CAC CAO CCC OCC GCC GCC TCC CGC TCC ATC 144 
Pro Pro Pro Pro Ala Pro His Gin Pro Pro Ala Ala Ser Arg Ser Met 
35 40 45 

TTCGroGeCCTCCTOGGGCTGGGGCTOGGCCAGOTTGTCTCCAOCGTC 192 
Phe Val Ala Leu Leu Gly X«eu Gly Leu Gly Gin Val Val Cys Ser Val 
W 55 60 

GCC CTG TTC TTC TAT TTC AOA CCG CAG ATG GAT CCT AAT AGA ATA TCA 240 
Ala Leu Phe Phe Tyr Phe Arg Ala Gin Met Asp Pro Asn Arg He Ser 
" 70 75 eo 

QAA GAT OGC ACT CAC TGC ATP TAT AGA ATT TTQ AGA CTC CAT GAA AAT 288 
Glu Asp Gly Thr Hie Cys He Tyr Arg He Leu Arg Leu His Glu Asn 
85 90 95 

GCA GAT TTT CAA GAC ACA ACT CTG GAG AGT CAA GAT ACA AAA WA ATA 336 
Ala Asp Phe Gin Asp Thr Thr Leu Glu Ser Gin Asp Thr Lys Leu He 
100 105 110 

CCT GAT TCA TCT AGO AGA ATT AAA CAO GCC TTT CAA CGA GCT GTO CAA 384 
Pro Asp Scr Cys Arg Arg He Lys Gin Ala Phe Gin Gly Ala Val Oln 
115 120 125 

AAG GAA TTA CAA CAT ATC GTT GGA TCA CAG CAC ATC AGA CCA GAG AAA 432 
Lys Glu Leu Gin His He Val Gly Ser Gin His He Arg Ala Glu Lys 
130 J35 140 

GCG ATG GTC GAT OGC TCA TGG TTA GAT CTG GCC AAG AGO AGC AAG CTT 480 
Ala Hec Val Asp Gly Ser Trp Leu Asp Leu Aln Lys Arg Ser Lys Leu 
1*5 ISO 155 160 

GAA OCT CAG CCT TTT OCT CAT CTC ACT. ATT AAT GCC JVCC GAC ATC CCA 528 
Glu Ala Gin Pro Phe Ala His Leu Thr He Asn Ala Thr Asp He Pro 
165 170 175 
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^ S?3 S?'^ ^ ^ ^ '•AC CA'T CAT CGG COT 576 
. Ser Oly Ser ais tys Val Ser Leu Ser Sar Trp Tyr His hao Arg Cly 

185 X90 

^® ^ CGA AAA CTA ATA OTT 624 

Trp Ala tys ll« Ser Asn Met Thr Phe S€r Asn Cly l^s Leu IXe Val 
155 200 205 

AAT CAG GAT GGC TTP TAT TAC CTG TAT GCC AAC ATT TGC TTT CGA CAT 672 
QJft Asp Cly Pho Tyr Tyr Leu ivr Ala Asn He Cys Phe Arg His 
**0 215 230 

CAT GAA W TCA GGA GAC CTA OCT ACA GAG TAT CTT CAA CTA ATG GTO 720 
Hia Glu Thr Ser Gly Asp Leu Ala Thr Glu Tyr Leu Gin Leu Net Val 
230 235 240 

I!^ i^'^ ^ ^ '^■^ «^ CAT ACC CTG ATG 768 

Tyr Val Thr Lys Thr Ser He Lys He Pro Ser Ser His Thr Leu Met 
245 250 255 

AAA GGA GGA AGC ACC AAG TAT TOG TCA GGQ AAT TCT GAA TTC CAT TTT .816 
Lys Gly Gly Ser Thr Lys -lyr Txp. Ser Oly Asn Ser Olu Phe His Phe 
260 265 270 

TAT TO ATA AAC OTP GOT GGA TTT TTT AAG TTA CGO TCT GGA GAG GAA 864 
Tyr Ser Ue Asn Val Gly Gly Phe Phe Lys Leu Arg Ser Gly Glu Glu 

2'5 280 285 

ATC ACC ATC GAG GTC TCC AAC CCC TCC TTA CTG GAT CCG GAT CAG GAT 912 

5er Leu Leu Asp Pro Asp Gin Asp 
390 295 300 

GCA Ap TAC TTT GGG OCT TTT AAA GTP COA GAT ATA GAT TOA 954 
Ala Thr Tyr Phe Gly Ala Phe Lys Val Arg Asp He Asp 
305 310 315 

(2) INFORMATION FOR SEQ ID N0:13: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 317 amino acids 

(B) TYPB: amino acid 
(D) TOPOLOGY: linear 

(ii> MOLECULE TYPBi protein 

(Xi> SBQOEKCE DESCRIPTION: SEQ ID NO: 13: 

Ket Arg Arg Ala Ser Arg Asp Tyr Thr Lys Tyr Leu Arg Gly Ser Olu 
15 10 15 

Glu Mec Gly Gly Gly Pro Gly Ala Pro His Glu Gly Pro Leu His Ala 
20 25 30 

Pro Pro Pro Pro Ala Pro His Gin Pro Pro Ala Ala Ser Arg Ser Met 
35 40 45 

Phe Val Ala Leu Leu Gly Leu Oly Leu Gly Gin Val Val Cys Ser Val 
50 55 60 
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Ala Leu Pha Phe IVr Phe Arg Ala Gin Met Asp Pro Aan Arg He Ser 
«5 70 75 80 

Glu Asp Gly Thr His Cys He Tyr Arg He Leu Arg Leu His 61u Asn 
85 90 95 

Ala Asp Phe Gin Asp Thr Thr Leu Qlu Ser Gin Asp Thr Lys Leu He 
100 105 110 

Pro ASP ser Cys Arg Arg He Lys Gin Ala Phe Gin Gly Ala Val Gin 
lis 120 125 

Lys Glu Leu Gin His He Val Gly Ser Gin His He Arg Ala Glu Lys 
130 135 140 

Ala Met Val Asp Gly Ser Trp Leu Asp Leu Ala Lys Arg Ser Lys Leu 
145 150 155 160 

Glu Ala Gin Pro Phe Ala His Leu Thr He Asn Ala Thr Asp He Pro 
165 170 175 

Ser Gly Ser His Lys Val Ser Leu Ser Ser Trp Tyr Bis Asp Arg Gly 
180 185 190 

Trp Ala Lys He Ser Asn Met Thr Phe Ser Asn Gly Lys Leu He Val 
195 200 205 

Asn Gin Asp Gly Phe Tyr Tyr Leu Tyr Ala Asn He cys Phe Arg His 
210 215 220 

His Glu Thr Ser Gly Asp Leu Ala Thr Glu Tyr Leu Gin Leu Met Val 
225 230 235 240 

Tyr Val Thr Lys Thr Ser He Lys He Pro Ser Ser His Thr Leu Met 
245 250 255 

Lye Gly Gly Ser Thr Lys Tyr Trp Ser Gly Asn Ser Glu Phe His Phe 
260 265 270 

Tyr Ser He Asn Val Gly Gly Phe Phe Lys Leu Arg Ser Gly Glu Glu 
275 280 285 

He Ser He Glu Val Ser Asn Pro Ser Leu Leu Asp Pro Asp Gin Asp 
290 295 300 

Ala Thr Tyr Phe Gly Ala Phe Lys Val Arg Asp He Asp 
305 310 315 



(2) INFORMATION FGSL SEQ ID N0a4: 

(i) SBQtCPBNCB CHARACTERISTICS: 

(A) LENGTH: 1878 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: ClttJA 
(ilH HyPOTRETICAL: NO 



61 



wo 98/28426 



PCT/US97/23775 



liv) ANTI-SBNSEj no 

(Vi) ORIGINAL SOURCB: 

(A) ORGANISM: Hurine 

(vii) IMMEDIATE SOURCB: 

(A) LIBRARY: Murine Fetal Liver Epitbeliun 

(B) CLOKB: OURAKR 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..1875 

(xi) SEQUENCE OBSCRIFTXON: SEQ ID NO: 14: 

ATG GCC CCG COC GCC COG CGG CGC CGC CAO CTO CCC OCG ceo CTG CTO 48 
Met Ala Pro Arg Ala Arg Arg Arg Axg Gin Leu Fro Ala Pro Leu Leu 
* 5 10 15 



GCO CTC TOC ore CTO CTC CTT CCA CTQ CAO OTG ACT CTC CAG GTC ACT 
Ala Leu Cys Val Leu Leu Val Pro Leu Gin VbI Thr Leu Cln Val Thr 
20 25 30 



96 



CCT CCA TGC ACC CAG GAG AGO CAT TAT GAG CAT CTC GGA CGG TGT TCC 144 
Pro Pro cys rbx Oln Glu Arg His tyr Glu His Leu Gly Arg Cys Cys 
35 40 45 

AGC ACA TGC GAA CCA GGA AAG TAC CTG TCC TCT AAG TCC ACT CCT ACC 192 
Ser Arg Cys Glu Pro Gly Lya Tyr Leu Ser Ser Lys cys Thr Pro Thr 
50 55 60 

TCC GAC AOT GTG TGT CTG CCC TGT GOC CCC CAT GAO TAC TTG GAC ACC 240 
Ser Asp Ser Val cys Leu Pro Cys Gly Pro Asp Glu Tyr Leu Asp Thr 
65 70 75 80 

TC3C AAT GAA GAA GAT AAA TGC TTG CTG CAT AAA CTC TCT GAT GCA GGC 268 
Trp Asn Glu Glu Asp Lys Cys Leu Leu His Lys Val Cys Asp Ala Gly 
85 90 95 

AAG GCC CTG GTG GCG GTG GAT CCT GGC AAC CAC ACC GCC CCG CGT CGC 336 
Lys Ala Leu Val Ala Val Asp Pro Gly Asn His rhx Ala Pro Arg Arg 
100 105 110 

TOT GCT TGC ACG GCT GGC TAC CAC TGG AAC TCA GAC TGC GAG TCC TCC 384 
cys Ala Cys Thr Ala Gly Tyr His Trp Asn Ser Asp Cys Glu Cys Cys 
115 120 125 

CGC AGG AAC ACG GAG TGT GCA CCT GGC TTC GGA GCT CAO CAT CCC 1TO 432 
Arg Arg Asn Thr Glu Cys Ala Pro Gly Phe Oly Ala Gin His Pro Leu 
130 135 140 

CAOCTCAACAAGGATAC60TOTCCACACCCTGCCTCCTOGGCTTCTTC 480 
Gin Leu Asn Lys Asp Thr Val Cys Thr Pro Cys Leu Leu Gly Phe Phe 
ISO 155 160 

TCA GAT GTC TTT TOO TCC ACA CAC AAA TGC AAA CCT IGG ACC AAC TGC 528 
Ser Asp Val Phe Ser Ser Thr Asp Lys Cys Lys Pro Trp Thr Asn Cys 
165 170 175 
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ACC TO CPT GGA AAG CTA GAA GCA CAC OIG 5,. 
Thr Lm, I^u Gly Lys Leu Clu Ala His Gin Gly ThrlS Clo S« 
180 185 



190 



GTO GTC TCC AGC TCT TCC ATQ ACA CTG AG6 AGA CCA CCC AAO QW5 GCC 624 
Val vm cys ser Ser Ser Met «ir Leu Arg Arg Pro Pro Lys Glu Al a 
195 200 205 

CAC CCT TAG CTO CCC ACT CTC ATC OTT CTC CTC CTC TTC ATC TCT GTG 
Gin Ala Tyr Leu Pro Ser Leu He Val Leu £eu ^ vl? ^ ^ 

215 220 

OTA GTA GTG GCT GCC ATC ATC TTC CGC GTO TAC TAC AGG AAG GGA GGG 70ft 
val val val Ala Ala lie He Phe Gly Val TVr Tyr J^s ^ ^ 
230 335 ' 240 

if* ™ ™3 AAT TGO GTC AAT GAT OCT TGC AGT 768 

Lys Ala LOU rhr Ala Asn Leu Trp Asn Trp Val Asn Asp All ^ 
245 250 

AGT CTA AGT GGA AAT AAG GAG TCC TCA GGG 6AC CGT TGT OCT GGT TCC 8lfi 
ser Leu Ser Gly Asn Lys Glu Ser Ser Gly Asp Arg aS «J ^ ^" 

265 270 



CAC TCG GOi ACC TCC AGT CAG CAA GAA GTC TCn- QAA GOT ATC TTA flfid 
HIS Ser Ala Thr Ser Ser Gin Gin Glu Val Cy. G^r "u S!^ 

2B0 285 

21? f*' ^ ^ OCT OCT GGA GTC ^ 912 

Met Thr Arg Glu Glu Lys Met Val Pro Glu Asp Gly Ala Gly Val 
295 300 

^ SI SI? 2^ ****** TCT 960 

305 J ^ Vol Arg Asp Ser 

315 320 

AGGATOTTCACy^CTQGTCAGC(UG<nrraWACOmWGACCTCTCG lOOB 
Ar9 Thr Ph. Thi Leu Val Ser 01« Val Glu Thr Oln A^p 2S 

330 335 

AGG AAG ATT CCC ACA GAG GAT GAG TAC ACG GAC COG OCC TCG CAG CCT 1056 
Arg Lys He Pro Thr Glu Asp Glu Tyr Wir Asp Arg Pro Ser Gin Pro 

345 350 

TCG ACT CGT TCA CTG CTC CTA ATC CAG CAG GGA ACC AAA TOT ATA CCC 1104 
ser Thr Gly Ser Leu Leu lie Gin Gin Gly Ser Lys ier nS 
3" 360 365 

CCA TTC CAG GAG CCC CTG GAA GTG GGG GAG AAC GAC AGT TTA ACC CAG 1152 
Pro Phe Gin Glu Pro Leu Glu Val Gly Glu Asn Asp Ser sfr Sn 
375 380 

^ I!^ ilf*^ ^ *^ GTG GAT TCT GAG GGC TGT OAC rrc 1200 

Cys Phe Thr Gly Thr Glu Ser Thr Val Asp Ser Glu Gly^ui^pTe 
390 395 

ACT GAG CCT ceo AGC AGA ACT GAC TCT ATG CCC GTO TCC CCT GAA AAC 1248 
Thr Glu Pro Pro Ser Arg Thr Asp Ser Met Pro Val Ser Pro Clu 

410 ^j^5 
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CAC CTG ACA AAA GAA ATA OAA OCT GAC ACT TGC CTC CO: TOG GTS rrr i-ift< 
Hia Leu Thr Lys Clu lae ol„ Gly Asp Ser ?^ Si ^ 



425 

AOC TCC AAC TCA ACA GAT OCC TAC ACA GGC AGT GGG AAC ACT CCT OGG 
Ser Ser Aa„ Ser Thr A.p cly TVr Thr Oly Scr Gly Asn p% ^ 

440 445 

GAG GAC CAT GAA CCC TTT CCA OGG TCC CTG AAA TOT GGA 
Glu ASP Hie Glu Pro Phe Pro oly Ser Leu Lys Cys Gly ^ So 
455 4^0 

CAG TGT CCC TAC AGC AT6 GGC TTT CCC ACT GAA CCA GCA GCC AGC ATG iddn 
Oln Cys AZa Tyr Ser Met Gly Phe Pro Ser Glu Ale a?^ S^ 

5f® ^ ^ <»C AGG GCT GAT GAG AGO GGA GCC 1488 

Ala Glu Ale Gly Val Arg Pro Oln Asp Arg Ala Asp Glu 5^ ^ 
485 490 495 

TCA GGG TCC GGO AGC TCC CCC ACT GAC CAG CCA CCT GCC TCT GOG AAC 153fi 
ser Gly Ser Gly Ser Ser Pro Ser Asp Gin Pro Pro Sa 12 O?^ 
" 505 510 

ST? iSI ^ ™^ """^ *«C COG CAG GIG ATC 1584 

Val Thr Cly Asn Ser Asn Ser Thr Ph« He Ser Ser Ciy Oln V«l Nec 
'15 520 525 

AAC TTC AAO GOT 6AC ATC ATC <3T0 ore TAT ore ACC CAO ACC TCO e*fl 
Asn Phe l^. Gly A»p lie lie V-1 V.l Tyr V.1 2S 

535 540 

S?®5?^^?°?^^^^^<=^TCCGAGCCCGTGGGCCGCCCT 1680 
Clu Gly Pro Gly Ser Ala Clu Pro Glu Ser Glu Pro Sal ^ ^ 
550 555 5gj, 

GTG CAG GAG GAG ACG CTG GCA CAC AGA GAC TCC TTT OCC GGC ACC C3CQ 1128 
val Gin Glu Glu Thr Leu Ala His Arg Asp IS SII Sa ^ ' " 

565 570 575 

Pro Arg Phe Pro Asp Val Cye Ala Thr Gly Ala Gly Leu Gin clu Gin 

585 590 

GGC GCA CCC CCG CAG AAG GAC GGG ACA TCG CGG CCO GTG CAG GAG CAG 1824 
Gly Ala Pro Arg Gin Lya Asp Oly Thr Ser Arg Pro Val Gin Glu Gin 

600 $05 

GGT OGG GCG CAG ACT TCA CTC CAT ACC CAC GGG TCC OQA CAA TOT GCA 1872 
Gly G y Ala Gin Thr Ser Leu His Thr Gin Gly 5^ o^ ^ Si 
615 620 



GAA T6A 

Glu 

625 



1878 



(2) INPORHATZON FOR SEQ ID N0:1S: 

<l> SEQfUENCB CHARACTERISTICS! 

(A) LQiGTR: 625 amino acids 
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(B) TYPB: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLfiCULB TYPE: protein 

<xi) SBOUENCB OBSCRIPTIONi SBQ ID NO: 15: 



Met Ala Pro Arg Ala Arg Arg Arg Arg Gin Leu Pro Ala Pro Leu Leu 

Ala Leu cys Val Leu Leu Val Pro Leu Oln Val Thr Leu Oln Val Thr 
20 25 30 

Pro Pro eye Thr Gin Glu Arg His Tyr Glu His Leu Gly Arg Cys Cys 

40 45 

Ser Arg Cys Glu Pro Gly Lys Tyr Leu Ser Ser Lys Cys Thr Pro Thr 
5" 55 60 

Ser Asp Ser Val Cys Leu Pro Cys Gly Pro Asp Glu tyr Leu Asp Thr 

Trp Asn Glu Glu Asp Lys Cys Leu Leu His Lys Val Cys Asp Ala Gly 
85 90 55 

Lys Ala Leu Val Ala Val Asp Pro Gly Asn His Thr Ala Pro Arg Arg 
100 105 no 

cys Ala cys lUr Ala Gly Tyr His Trp Asn Ser Asp Cys Glu Cys Cys 
115 120 125 

Arg Arg Asn Thr Glu cys Ala Pro Gly Phe Gly Ala Gin His Pro Leu 
135 140 

Gin Leu Asn Lys Asp Thr Vol Cys Thr Pro Cys Leu Leu Gly Phe Phe 
150 155 ^g^j 

Ser Asp Val Phe Ser Ser Thr Asp Lys Cys Lys Pro Trp Thr Asn Cys 
165 170 175 

Thr Leu Leu Gly Lys Leu Glu Ala Bis Gin Gly Thr Thr Glu Ser Asp 
"0 185 190 

Val Val cys Ser Ser Ser Met Thr Leu Arg Arg Pro Pro Lys Glu Ala 

200 205 

Gin Ala Tyr Leu Pro Ser Leu lie Val Leu Leu Leu Phe lie ser Val 
215 220 

Val Val Val Ala Ala He He Phe Gly Val Tyr lyr Arg Lys Gly Gly 
230 235 240 

Lye Ala Leu Thr Ala Asn Leu Trp Asn Trp Val Asn Asp Ala Cys Ser 

250 255 

Ser Leu Ser Gly Asn Lys Glu Ser Ser Gly Asp Arg Cys Ala Gly Ser 

265 270 

His Ser Ala Thr Ser Ser Gin Gin Olu Val Cys Glu Gly He Leu Leu 
275 280 285 



65 



PCT/US97A3775 

Met Thr Arg Glu OXu Vy^ «et Val Pro Glu Asp Oly Ala Gly Val Cys 

300 

Cly Pro V.l cy AX. Al. Oly Oly Prp m« gIu V.1 A„ A.p Ser 

ArB Thr Phe Thr L«u v.l Sor Olu V.l olu lUr Gin Oly A.p Leu Ser 

330 3JS 

Arg ty. He p„ ^ oi„ Asp Glu Tyr «ir Asp Ar, Pro Ser Ol„ Pro 

345 

ser Thr «y Ser U« Leu Uw lie Gl„ Oln oly ser Lys ser He Pro 

360 

Pro Phc Gin Olu Pro Leu olu V.1 Gly clu A«, A.p Ser L«a ser Oln 

375 3go 

Cy, Ph. Thr Oly Thr Glu Ser Thr V.1 A,p Ser Glu Gly Cy, A,p Ph. 



fbr Glu Pro Pro Am Thr Aiip-Ser Pro V.1 Ser Pro Clu Lys 



"S 400 
415 

His Leu «ur toj. Clu II. olu Cly Asp S,r Cys Leu Pro Trp V.l V,l 

S.t ser A» S«r Thr A.p oly TfV Thr Gly Ser Gly As„ Thr Pro Cly 

440 

Glu A.P His Glu Pro Ph. Pro Cly Ser Ly, cy, Oly Pro «-u Pro 
455 

Gin cy. Al. lyr Ser «.t «y Ph. Pro Ser Glu Al. Al. Al. S.r Met 

475 400 
M. Olu Al. Oly val Ar, Pro Cln A.p Arg Al. Asp Glu Arg Cly Al. 

490 495 

ser Oly Ser Oly s«r Ser Pro Ser A,p ci„ p,o Pro Al. ser Cly a.„ 

^ 505 5j^Q 

V.l Thr Gly A.„ Ser A«» Ser Thr Ph. U. Ser Ser Cly Oln v.l «.t 

520 

Asn Phe Lys Gly Asp He Uo Val Val Tyr Val Ser Oln Thr Ser Gin 
535 540 

Olu Gly Pro Gly Sex Ala Glu Pro Glu Ser Glu Pro Val Gly Aro Pro 

555 



val Gin Glu Clu Thr Leu Ala Hie Arg Asp Ser Phe Ala Gly Thr Ala 
Pro Arg Phe Pro Aep Val cys Ala Tta Gly Ala Gly Leu Gin Glu Gin 



570 



575 



590 



Gly Ala Pro Arg Gin Lys Asp Gly Thr Ser Arg Pro Val Gin Glu Gin 

600 505 
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Gly Gly Ala Gin Thr Ser Leu His Thr Gin Cly Ser Gly Gin Cya Ala 
^'-^ 615 620 

Olu 
625 



(2) INFORMATION FOR SBQ ID NOilS: 

11) SGQUENCE CHARACTEtUSTICS: 

(A) UBNGTH: 20 amino acids 

(B) TYPE: amino acid 
(0| TOPOLOGY: linear 

(ii) MOLBCULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION; SfiQ ID N0:l6i 

Met Glu Thr Afip Hir Leu Leu Leu Trp Val Leu Leu Leu Trp Val 
1 5 10 15 

Gly Ser Thr Gly 
20 



(2) INPORMATICW FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SBQ ID N0;17: 

Asp Tyr iys Asp Glu 
5 



(2) INFORMATION FOR SEQ ID NO .18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acid 
(D) TOPOUXSY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION; SEQ ID N0;18: 

His His His His His His 
5 



(3) INFORMATION FOR SEQ ID NO; 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LDKjTH: 33 amino acids 

(B) TYPE: amino acid 
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(D) T0FOU)Gir: linear 
(ii) MOLECULE TYPE: protein 
<xi) SEQUENCE DESCRIPTION: SEQ ID N0:19: 
Arj Met Lye Gin iXe Glu Asp Lys lie Glu Glu ilo Leu Ser Lye Ue 

TVr Hie lie Glu Asn Glu lie Ale Arg Ue Lye Lys Leu He Gly Glu 

*^ 30 

Arg 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 



1 . An isolated DNA selected from the group consisting of: 

(a) a DNA encoding a protein having an amino add sequence as set 
5 forth In SEQ ID NO: 10, wherein the protein has an amino terminus selected from 

the group consisting of an amino add between amino add 1 and amino add 139, 
Indusive. and a cari)oxy temnlnus selected from the group consisting an amino 
add between amino add 290 and amino add 294, indusive; 

(b) a DNA encoding a protein having an amino add sequence as set 
10 forth in SEQ ID NO: 12. wherein the protein has an amino terminus selected from 

the group consisting of an amino add between amino acid 1 and amino acid 162, 
indusive. and a carboxy terminus selected from the group consisting of an amino 
acid between amino add 313 and amino add 317. inclusive; 

(c) DNA nx)lecules capable of hybridization to the DNA of (a) or (b) 
15 under stringent conditions, and which encode bfologically active RANKL; and 

(d) DNA molecules encoding fragments of proteins encoded by the 
DNA of (a), (b)or(c). 

2. The isolated QUA of daim 1 . which encodes a RANKL polypeptide that Is 
20 at least about 70% identical in amino add sequence to the native fonm of RANKL 

as set forth in SEQ ID Nos: 10 and 12. 

3. The isolated DNA according to daim 1 or 2, v4iich encodes a soluble 
RANKL polypeptide. 

25 

4. An isolated DNA encoding a soiubie RANKl^ selected from the group 
consisting of: 

(a) a DNA encoding a protein having an amino acid sequence as set 
forth in SEQ ID NO: 10, wherein the protein has an annino tenmlnus selected from 
30 the group consisting of an amino add between amino add 48 and amino acid 
139, incfusive. and a cartx}xy tem^inus selected from the group consisting an 
amino add 290 and amino add 294, indusive: 



5 
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(b) a ONA encoding a protein having an amino acid sequence as set 
forth in SEQ ID NO: 12. wherein the protein has an amino temiinus selected from 
the group consisting of an amino ackJ 69 and amino acid 162. inclusive, and a 
cartx)xy terminus selected from the group consisting of an amino add 313 and 
anr^no add 317, indush/e; 

(c) DNA molecules capable of hybridization to Ihe ONA of (a) or (b) 
under stringent conditbns. and which encode biologically active f^KL; and 

(d) DNA molecules encoding fragments of proteins encoded by the 
ONA of (a), (b) or (c). 

5. The isolated DNA of daim 4. which further comprises a DNA encoding a 
polypeptide selected from the group consisting of an immunoglobulin Fc domain, 
an Immunoglobutin Fc mutein, a FLAG^ tag, a peptide comprising at least about 
6 His residues, a leudne zipper, and combinations thereof. 

6. A recombinant expression vector comprising a DNA sequence according to 
any one of claims 1 to 6. 

7. A hot ceO transfbmned or transfected with an expndssion vector according 
to dalm 6. 

8. A process for preparing a RANKL protein, comprising culturing a host cell 
according to claim 7 under conditions promoting expression and recovering the 



9. An isolated DNA selected from the group consisting of oligonudeotldes of 
at least about 17 nudeotldes In length, ollgonudeotdes of at least about 25 
nudeotides in length, and oligonudeotldes of at lest about 30 nudeotides in 
length, which is a fragment of the DNA of SEQ ID NO: 10 or SEQ ID NO: 12. 

1 0. An isolated RANKL polypeptide selected from the group consisting of: 
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(a) a polypeptide having an amino add sequence as set forth in SEQ 10 
NO: 11. wherein the poTypeptfde has an amino terminus selected from the group 
consisUng of an amino acid between amino acid 1 and amino add between amino 
acid 139, Inclusive, and a carboxy temiinus selected from the group consisting of 

5 an amino acid between amino add 290 and 294, indusive; 

(b) a polypeptide having an amino add sequence as set forth in SEQ ID 
NO: 13, wherein the polypeptide has an amino terminus selected from the group 
consisting of an amino acid between amino add 1 and amino acid 162, inclusive, 
and a cartwxy tenninus selected from the group consisting of an amino add 

10 between amino acid 313 and 317, indusive; 

(c) a RANia polypeptide encoded by a DNA capable of hybridization to 
a ONA encoding the protein of (a) or (b) under stringent conditions, and which is 
biologically active; and 

(d) firagments of the potypeptides of (a), (b) or (c) which aro biologically 

15 active. 

11. The protein according to darm 10, having an amino add sequence at least 
about 80% Identical to SEQ ID NO: 11 or SEQ ID NO: 13. 

12. The protein according to daim 10 or 1 1, which Is soluble RANKL. 

13. A soluble RANKL protein which further comprises a peptide selected from 
the group consisting of an immunoglobulff) Fc domain, an Immunoglobuiin Fc 
mutein, a Fl-AG™ tag, a peptide comprising at least about 6 His residues, a 
leudne zipper, and combinations thereof. 

14. An antibody Immunoreactive with RANKL polypeptide according to dalm 
10. 

30 15. The antibody according to daim 14, which is a monodonai antibody. 
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16. A method of inducing nruturatjon of dendrftlc ceQs (DC), comprising 
contacting CDIa + DC with an amount of a RANKL polypeptide sufficient to result 
In decreased levels of CD1 b/c expression on the DC, under conditions promoting 
viability of the DC, and allowing the DC to mature. 

5 

17. A method of enchanting alio-stimulatory capacity in dendritic ceils (DC), 
comprising contacting COIa + DC with an amount of a RANKL polypeptide 
sufficient to Increase the allo-stimuiatory capacity of the DC in a mixed 
lymphocyte reaction (MLR), under conditions promoting viabOity of the DC, and 

.... ^ ^ allowing the DC to present antigens to T cells. 
• 

^ method of promoting viabfllty of T ceils In the presence of TGFB, 
.\..] comprising contacting T cells that have been exposed to TGFS with an amount of 

a RANKL polypeptide sufficient to increase the number of T cefls that remain 
— • 15 viable in the presence of TGFfi. under conditions that would promote viability of T 

ceils in the absence of TGFB. and allowing the T cells to influence T cell 

tolerance. 

•••• 

• • • 

• 

•••• : 19. An Isolated DNA according to daim 1, substantially as hereinbefore 

• ^..^ 20 described. 
«•*« 

20. A recombinant expression vector according to claim 6. substantially as 
hereinbefore descn'bed. 

21 . A host cell according to claim 7, substantially as hereinbefore described. 

22. A polypeptide according to claim 10. substantially as hereinbefore 
described. 

30 23. An antibody according to daim 14. substantially as hereinbefore described. 
7^ ^-i;.;. 24. A method according to daim 16, substantially as hereinbefore descnT>ed. 
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25. A method according to claim 17, substantially as hereinbefore described. 

26. A method according to daim 18, substantially as hereinbefore described. 

5 

DATED: 22 June 1999 

PHILLIPS ORMONDE & FIT2PATRICK 

Attomeys for: 

IIVIIVIUNEX CORPORATION 
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